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Hie? treatability of daJ.fr Jtaeceo ©htained over 
a period of 12 iiiontlss frost 12 farms using different feed 
types was investigated* ^eecs/water slurries (1 tio) war© 
anaerobically digested la th© laboratory end examined for 
change© In dawateriag* time* suspended solids conoontration« 
permanganate value and pH* Hi© result© war© used in designing 
a pilot digester which was cons true tod at Harriet Wood 
Agricultural College*
Anaerobic digestion was shown to decrease the 
dewater.istg ilea© and ©usponded solids eonoontratloos of slurries 
andf m m n combined with a .crude' oxidation process• a decrease 
in peratttgennte value was also obtained»
Bacteria isolated from fresh faeces wes.^  ahosm to 
produce a variety of effects when inoculated into sterilised 
diluted faecal material and it was concluded that a highly 
mixed population would foe required to produce ' improvement© in 
the handling properties and pollution lend as well a® the acid 
and gas product ion which result together during the natural 
anaerobic digestion process*
Tho I hypothesis that anaerobic trontment fell owed by 
aerobic treatment could foe more off as tire for use with bovine 
alurries than tbs usual, aerobic^zumcrobic order followed in 
ecmreniional oeuaoe troatnicni works was tested in e field trial 
curried out on a Hampshire farm*
An excavated pit full of dairy cor effluent with a 
crust of straw and other fleeting solids 16 to 36 inches thick 
acted es an. anaerobic digester eliminating' the normlly
p ro h ib it iv e  ofidt o f  a mttmile c tu re d  d iffe r ter# A u s e fu l 
reduction in. perm&Tigomita m i n e  was found after eubeequont 
a e r a t io n  o f  t i e  d ig o e t s d  m a t e r i a l *  .
• It was eenftldfcrod that the anaorofoic^ narofoi© 
t r e f t t a e n t '  s y s te m  w o u ld  foe g o n a ra lly  o f f *  ^  * *ra f o r  us©  w i t h  
de&r? farm effluants provided the ixi&ivl&ieX cireu£3ist«ncea 
were tn lm n into aceount in devising* the form, of the ©y©t©Bi.
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Historical
Land availability
The total land area of Great Britain excluding: 
inland water has remained at a constant 56*2 million acres 
over the last century0 Map I (Ministry of Agriculture 
Fisheries and Food (M0A 0F 0F.) 1968) shows the proportion of 
the total area of each county in Great Britain which was 
returned as agricultural land in 1966. The total land area 
devoted to agriculture in Great Britain in 1960 was 32*8 
million acres, which was 58 per cento of the total land 
acreage of the country0 Map IT (M.A.FoF. 1968) shows what 
proportion of the total agricultural area was improved land 
(crops and grass)Q It is evident that as far as England 
. alone is concerned all counties exhibit more than 50 per cent, 
of the total agricultural land as improved land, A greater 
percentage of agricultural land that is improved land implies 
an efficiency in land usage and is better in relation to the 
country*s economy; however? Maps III and IY show that the 
land areas under crops and grass have actually decreased 
their grass output over the last three decades.
It is known that British agriculture is losing land 
at the rate of 150,000 acres per year (Goldsmith et al 0 1972) 
either as land allowed to become derelict or as land that is 
sold for urban or industrial development. This loss involves 
both arable land acreage and land devoted to livestock, large 
populations of-the latter being housed in intensive units . 
There has been an increasing trend over the last thirty years 
towards intensive rearing of livestock and moreover to
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specific iiveetoeic: types# t tm t la#. specialie&tion in anlfsni 
fsnsing* Hie overall r a m t t is a reduction. In land acreage 
e&ployod for agricultural purposes* Arabia areas arc 
intensively cultivated to th© detriment of the land* and 
livestock are roared intensively t© th© detriment of the 
land locally# A steady trend towards farther reduction in 
the to tel area of land being devoted to farming in the future 
is apparent:#
The hu  ^i noputlation and its needs
Decennial censuses (vide Metfhirter and HevdUrfcer~ wvsosflwasSty#
19$&) give the population of th© United Kingdom in 1861 as 
2k §525*000 and in 1961 as 5^t^7 #^CK50? tint© the population
more than, doubled in a century* Today fct&e population 
exceed© 35 million and is increasing at a rate of 0*5 per cent • 
per year (Goldsmith at at * 197&)* ed inequalitie© in 
population densities have been noted now for 30 year© and 
warnings as to the consequence© of both excessive population 
densities and figures have gene unheeded*
Despite efforts over the last 20 years to -isaprove 
crop 'strains and gain a better understanding of agricultural 
and iiorticulturai needs there is no livelihood in the near 
future of any spectacular increase in the yield per acre of 
foodstuffs and it lias been calculated that at present®
British agriculture is incapable of providing sufficient 
home £%tmm foods for any more them half the populations yet 
w tth  the population steadily increasing there is a continual 
and heavier deiaaiMl on the land apace* for dwelling purposes* 
itii® doimnd tmmt result in the loss of still further '
• acreages of lead and a corresponding roduction in the arable
*■* I'*
farm lead a M  t e ©  h o w  crop production# itatasi units 
mast be* cenecs&tfaicd still ftarihop end intensified to 
® & t m m  level©*. this will :prod«tee- im adverse effect on. 
local land m m m  due to disposal of gmiesal waste onto these 
adjacent area©.
.livestock lotion
^mrtiu Tim steep increase iti tern 
population figtn*@@ lias created a demnd for sore housing5 mid 
mere food for t!10 people* Hies© two dmtgm&& compete direetiy 
for land ©paces» more Iisusifig requires lead cm wMeli to build; 
likewise as increase in food fmodtteiloit mquir©©' an increase 
i n , land. acreage devoted to crop production and to the gracing 
and fieasixig of faro livestock,. Ba attesting* to ©alv© the 
problem of scare© Ixmd ®r&af an approach Iib been mcle in 
egrieultttre aissilsr to that la urban doTOlepssat mtmmm  
tm tm ljf f _ ccmeentratioa ead intensification of enterprises*
&ltb rafcKr c© to the food aspect of tlia preblest® cropb mm 
non intensively- produced on land that le, meted all year 
round® several ■ different crops boiler taken in the course of 
a single year* end livestock ©re being b m m d on increasingly1 
lees lead epaco* Antiaai production unite • a m  becoming highly 
intensive on ©mall aereogea of land; fdrtfter*,tt>r© ©ine© 
intensive livestock production retires the application of 
mom ' technical tamflc&go than less sophisticated agricultural 
enterprises# ife© farmer is forced to specialise In the types 
of livestock lie produce© in order to -survive aci even a 
mrgiuaXXy profitable enterprise*
Figure :l is an attempt to. depict as accurately as 
infora&tion permit© fluctuations in population© of all major
- 7 -
Graphical representation of far in 
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©peetes of farm smtosi atsoo if00* fF:aap populations it&v© 
flu©ta&ted tfitMn a resga of I9~&7 nil,ti«me P@p®tm&imm of 
peultsry* f?&^ ® ant eattto remained <?4r£ualXy constant fr©$n 
IfOCi to 1f20| to tte eaaa of poultry totr# m s  a mtmmp 
i m m m t t  ffSO « 1930*' tits 1920 « if 3d itiorsaess to 
pefxsl&i&es* for pfe® oat tie nero not as iseitel as tits 
poultry toaroase but toe popalatioa of these
femes* feave ehesia »s*e cimrleid toosraaeee ©too© 19!K>*
It 4b of intereet to 
not© that to Kftglaad* to© tasrciasos to livestock
populations hmre taioea pine© to apgftsifle areas of to© country 
on toe team aateaX. t$$e* 2Ucm»* 2: * 3 ; anti k 
dm. tli© pop&totion density «!istritati©ri for e&ttlo# p£*js cod 
poultry and its pattern of eliery© ©ton© 18ff* For cattle* 
tli© increase® barn boon m ain ly  to  t t e  so&to and B e rto  *• w e t  
of §o&]jftn& isiotodiitf So^rsot and Barestt ^ s M f f e f f^entoire# 
S ta f fo rc is t to m  msd i^a rb ys is ir© *  P ie ®  fm m  fooesr^a ©or© m isoron©  
to tea East and llortla • «e©i of Bsigto^ toslsdisir Kerfelk* 
S t i f f s ik *  Cas&i?M|^©liirat E&s&g* Bedfteistiirirf Surrey*
and iSsrteMr©* Pmtt & p  t m m  £jsteraaaed to 
popul&t&oa. eronitere in tng lm M l mc&zpt to© inlands and too 
So&to «* ©st* tb£© unequal geographical, distribution of 
Itoastoek play® a sig^ iifioant role %fce& defining too present 
jarehleta*
MssgSgSusfiis-xgiasiiis
llgur# 1(. indicates that is 1971 the Coaatsy 
m ppm bed 110 million ptns.ltyy* 13 million
cattla csml ©ro&n itillion pigr©* toble 1 ^toes ©stimtod
value® for too volxuae® of waate pr©ducod per day by eat tie#
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pl.cs a M  * and string iSxmo In  caniussotten w ith  the
livestock pojmtotioa figures it stay b ti a s lm lm to d  that |st *tr~ 
$s>a£aco approximately sis and a tmSS m lt t x m  tone of* affluent 
p®& year# p im  & & 0 P m $ m fa lY  2 #000 million tenons per year 
and ©aitx© %?#00$ niHIoa c&tXm& p©s» yeas*#
dttese J&&&08 totalled# ctfm a reetaltett afftooni vote!® its 
tornss of B*CiJ)fl c^iralani to a taros. population of tfsra© 
time© the ps?osmt level to t»ai Britain it alsouM
b© noted feat tliio waste Is praSaetsd to ©graphically 
localised areas as itsoifss to .figure© 2■*/ '3 and "ty*
llie  o f  - fe r n  ccafecl © lu rr ie s  produood t o  lo c a l
rre^r with its **toi 11 *0*5* tat 3#8* vetoes a© coopered with . 
Immsan afftomit lias ereatoil m m m lm m  pcehiem with regard to 
pollution of fix© environment* M&ay Xto#»tcet farmers arc 
having to ftocl e®ce way of dtoelte^^rg or Tez**vi®g the waste •■ 
matter tii® ferst awism to lack of taFtf&sioai toad acrco#!©'- 
to absotC the tosrg© volume of wrrtt* jr*©j *« tor aaoimt of 
Blurry ar^ oacl on to© land to esoass of $toi v*ich tlic losid is 
gegdhlo of cl ©crhing will ais off to© tonst and find its wmw 
tot© streams and watercourses* Xt than hoc&mB a ftaganS to 
a^itail© Ufa fastis hr ©anslng oxygen doplotlon to the water 
which will fetSJ, fish life* Bead flsfi in torn supply organic 
material to this environment adding to tlio o&cos© nutrients to 
too wular &&& further increasing the B*o*b* and ©wmtoally 
aqpatie plant lito will d±© and a ato^tmnt# eutrophic water 
area will result®
B m M M m S L M m .
c m m m m t : ion* rrior to world war 21# too majority of £ m ® B  
in Oreat Citato were of to© iaijsod. variety (ttr&bl© and
*» “I % *»
livestock) m%d $my wfc»fco m i  tor iiroaieed by fho livoetoole tfa© 
j&at onto tlio Ir^ '? t&$ro it Ferre??t ms a fei^ iill.sor m 3 soil 
casditimor* In tills *my frrmc moro to wstfc elatso to th© 
principles of n©od imsbandrr by f ^  ^  milor imd #&«a8e of 
mtorlelc r.r4 c&tts&csttoatly roe£rr~*prion of tho nut&iettt 
0lo»s*t0 tlasr contain*
After tlse tkW# tbs trend. to specialisation and 
iatenpificGtiosi in farming-ie# to of tlaa tecs to mat tor
being ^ m m m d frosa the farm tionoo tfee tmirlomts contained, 
therein mero lost tm m  tte® lend* - ^*0 farmers Iiere rasdte 0
Fsreotiee ©f ttBiss* f^mfactored fertiliser© instead of txn ltm l 
Little regard eeore to irsye tseos?, rmM to the sell.- 
liifidiipp m d  irnproirlstg quality of enlmol, o'* fLueht vhleh met 
rmmfciefeirod fertilisers tm te *
fortSlioor rrlro* the pcrraotor by the fortiliata**
Taira of 0 -satarirl. is eypraaeM is il'ie ? *r*K* value* tfeet £0 
itie co'ron; tie** of .the tsrirr^cti Ir to m s  of ?‘£ trover* 1%  -»* ** crams
and reirnrltsr* liable 2 ** rr tlio rotu.nl f:,f rv&ileMe 
TOlu®0 af iivootoek masfas together with tfie oi^siv&lmt each 
voitto* if^ ir rmc & that of poultry* cattle m d  pip effluent* 
pooltry effluent £0 of the laest v&Itse b o th  in  terms of P#f%ft* 
oontant eisA arch mMxm* Th& fi.pxirer appearing iti irM# 2 
dexsoma tra to if-**, liwrstoek raster? reed not lie rrprrcl,rd 00 a 
nuioanccs anil as eecBiliirg to im rid of the form* t1.i© 
pr£iioipl,0© of good teefcon&ry imply thnt ** -e alt.011l.ci bo r^de of
t lm  imtritr I viUUxe of &ueh mtoriol^ 00 r w  tho prmiciiBi b e m f i t  
m y  tio obtaii^d from all oopocto of tbo fareiiii^ r proip^ oiBiao * 
t^il© 3 t t& lm  &mm arailabXo mssmfeetsirod. fertilisers to^ setltor 
tSsoir op|r?orima.t0 prices in I9?i * Bosocl on tlioao fiptrreo
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C©:ap©unc! type /amlysia tf«n rtficr rted&cl is**;
. 2?* F* E* c^ l'^ lC * : *:*? Cii'ts** i*fc
’ o r
U M . 15 is IS 37*50
i'ir:,t K* SO 15 ' IS £2,50
lUr;-* **• as 10 10 £0,00
Ht^ ii :-:♦ <r5^j' If 11 07*00
ltd} V/ ■:.’? * 9 25 25 £4,50
X’0 .;•!* • £0 20 S9.5&
HJ./Oa P* .13 £0 13 3S*50
Ks P, 25 «w* 16 04*00
at0F vu ■; 15 IS 19 30.00
rd^ J. E* IS 12 IS 32*50
# KzfcpeeteS t^am rr-rr; by tleha Ni&.f
'fyo ■ ‘ollogQ * Au-:t’£ t t f ?!,
** A|rjvo?U.\.nto *^cj3ci,.Tt^  ti©t cash |>'r.icoii r^-r ton, delivered
it him te&®n «sXca*Xat©& (wilietts 197&) that th© total, livestock 
waste ps?mkm&& in Great. Britain is worth sppro^iTOtoiy 
£60- million %mr year# Fanaers opend a$patoximteiy Cl30 niiiioit 
per year on smsmf^einred fertilisers and benss® in total*
Cl 90 isllEioii of f©rttll0tn& o&teriol is disfiefsed into the 
eiwirerisefit per yecr# lit mzmy easest mmtm«iM, tlmt is e&pttble • 
of saet&iniag and enriching ©oils ia discarded and pollutes 
an euvirem^ni which ©miM otherwise benefited from, it* 
ILBitK^ roiir Most cattle enterprises cultivate
laris® acreage® of srsasiaad ia order to food livestock* It 
ifcss boon calculated (X&rry&en 1972} that for good arao© ©rowlios1 
eoRdittozus two baits of nitrogen ctr© required par aero for 
■each growing day# On average* 250 ** ‘ISO unit a of nitrogen are 
required par aero of per yo~r# the issJitoim »e©ssgiefi&®&
level being 400 imttm of nitrogen fMir yetor* It Isas boon 
eetltt&tad that nitro^on in excess of 800 units par acre par year 
■could Crnsf;© soil fortuity elttuuifi the dasisige vrontd tm of 
c fo^porary nature i«e« up to 6 &oxtth8» Xftosphortss is rapidly 
fixed 1b tbe soil and. it does not soesa to ess t ter bow mutch 
phosphorus is pit 011 the lend* it Isas not been possible to 
calculate any isassimis limit* Potassium is lost froa* tli.® ©oil 
by Xo&eliifiij and there is so rapid build up of this element in 
the soil* ?;errr*i potassium levels An {truss arc in the region 
of two to throe par cent* of dry sisttor* l&@ threshold, 
barrier appears to be five per cent* of the dry matter and if 
grass with those potassium level® is fed to cattle# it eon 
eons# li/pa^ g^ oseesiiia in passing eat tie* It is important then# 
either for soil fertility or livestock health reasons to foe 
careful of fits W.F*K* quantities tliat are applied to land, for
m  10 *»
grass ciaiiiimtion* It is apparent whan oomi^ trisg tts© nitre,sen 
requirement for fp^ne-growingr with ©bo available nutrients of 
livestock wastes in Table 2 that 1(K) cows would produce 
sufficient If* P*E* per day to provide ©lie optissm gras® grwQ in^  
conditions for 17 ©ares of land for o&sh growing day* This 
cjuanti float ion o t 'th m  us©fulness of livestock waste© in tones 
of fertilising: value makes it difficult to fse® %*hy tmr® its© 
is no© smile of tuts emterlal for the benefit of the land and 
also to increase far® profits by leas o^pendituro on 
manufactured fertiliser©*
<as g a a M & & - t^  Ci,op production
fwh©«t» barley and potatoes) in Qreat Britain ie leroety
situated in the ffertb and ill© isaat of the cotmtry ©spoeiaily 
East Anglia# whereas livestock production is mitsiy in th©
Soutli end ties©* The tendency in tlie last time# decades- lias 
been to  r tlie livestock o n to rp r lm ®  to discard that of finest 
ttisy are not able to utilise themselves t ioreas the crop 
production enterprises have .bed to purchase manufactured 
fertiliser from large industrial ©oaceyas and this mat reduce 
any profits of such crop production enterprises *
som Eastern porta of the country are slowly being destroyed 
in terms of soil ^mdlty* Soil -binding s&teriale have not beau 
replaced in those cross and the ©oil© ore gradually feeing 
eroded by the action of the weather* ftossfactored fertilisers 
can replace inorganic nutrient material# not sajor ©oil 
©rguisiee* Xu tbs South and Host of the country9 largo e»aats 
of valuable ooil«blndingf ecil~conditioaing material is wasted# 
Tim txusxxa content of uses© livestock wastes ie boing discarded 
where it could kmtp to prevent ©titer parts of the country
becoming *dyst«*feawl* areas*
a m& lives tools; jamdsctien for mtmh a large hmmt 
population on a relatively s m u t XeM mse is capable ef 
seriously im p a ir im t the fUnetlcistog o f the b io lo g ic a l mnwir&m^ 
$mnt%
1) by discarding locally into t&o envirsigssnt 
excess enceinte of 'es&saol wot© materials 
resulting in land ©n& wntcrcsure© p o l lu t io n  
B) by failing to replace ©a&~x3our lehing material© 
in nre&a of intensive crop pre&ietian leading 
p0tcatia.tly ©e drying cut of the land* 
l^ sere is thus vast# of valuable material© nofeded to replenish 
m largo area of agricultural, isact#
*» 20 ***
Leffielatltm andagrtwn.nr.* i*^ iiw^wv<»»N,»n n'iw'i.»i!ag<^ ^ y w
The following extract® - taken from A eta of f’erlias&mt 
&ive a clear indication. that fanain# is now considered hr ins?
■as a trade*
^Farming# scientific research and • other ©peeled
cnees
. 63.* (1) f w  the purpose© of the definition of • trade 
premises* in subsection (t) of section fourteen of tins
Act of 1937* o n j tmml or premises used or intended t© 
be used {in whole or in port mud whether for profit or 
not}*
(a) for agricultural or horticultural' purposes# or 
(b} for scientific rassarcfe or experiment»' 
shall be deeased. to be premise® used for carrying on a 
trade or industry § and for the purpose® of the definition 
in that subsection of •trade effluent• the expression 
•trade or industry* shall include agriculture# 
horfcieultor# end scientific research or o x p o rtm m t**  
the Rivers- CPrevention of Follution.1 Act* 1051 (OH* 64*
,1ft ft 15, C >^* 6.)
Subject to this Act# a parson commits on offence 
punishable under this section**
■ (a) if lie causes orteaoMln&ly permits to enter a 
stream any poisonous# noxious or polluting 
matteri or
if ho causes or knowingly permits to enter a 
©tresis any matter bo as to toad either directly 
or-in combination with similar acts (whether
21 *»
hi© mm,, o r another*©} to  tlm proper
flow o f the water of the ©tree® in a ©saner 
ieadiau or liloe2.y to lead to a substantial 
aijfrava tlcrn o f  p o l lu t io n  due to other cams©-a 
&t  o t it® consefmenees§ 
ami for tit# purpose© o t peregmph (a) o t tMt subseetion 
a to o & l authority- ©hall fee deemed to 00000 or know ing ly  
permit to eater © ©trees* ©nr poiseneiiet .noxious or polluting 
mtter* which passes into the ©tream from any sewage or 
eewci*© disposal worlc© vested is ftea* in any ease where 
either tli# local authority w v o  bound to receive the 
natter into the setter or ©emg© disposal wrks» or they 
consented to do so uneoadi ttonally» or they consented to- 
do so ©abject to condition© tmd th o rn condition© were 
observed*”
the liixmra (Prevention of Pollution} A ot* 1961 (C H . SO*
!■ •*« >.*. ||<I mi |'i miit»i lOili plil^ M»M »i'MH| n 1> mWumi limnn i'HIi) IPII'W \$ liiHiii II f m ** Ill H HHHliHlliMi \tm n II ii ml   HI! illli nl
# & 10 nr.! r. t.j
”f 0*-(l) Xsn any legal proceeding's it ©hall ho pmmm&&9 
until, tls# contrary is shown, that any ©ample of effluent 
tefcen at #31 inspection ehes&er or sinnliol# or other place
provided in compliance with a, condition itsposcd under
tills Act or section moron of the principal Act in
rotation to eny waters is a saoipXe off what was passing
frets the tend or preiatee© to those waters.
(3) A river board say agree w ith  the occupier of 
asf land or premises from which effluent is discharged 
on the paint or points at which f in exercise off the 
river board*© rights under section fifteen of the Hirer 
Boards Act 19^8, or under any other enactment, samples 
ere to he tn lm n of the of fluent passing into any water© f
and in any logoi proceedings it etoXX ho premised , until 
tfc© ©aiitnsry is shotm* that any ©aaple of effluent t&ksu 
at a point fixed under tills ©eoitcm is n. scimple of what 
was passing-from Urn tsxnd or promise© to these waters;” 
jaiscfearge© sade from- fanfare subject to trade effluent 
legislation* Examples of the latter iuciuds the e&etion©
■ falcon from, the Bixers (Prmmuiian of ’Pollution) Acts 195* end 
1961 * ilie term "ftftlutitm” 1© as yet rni$®t%sm& in tuo tfaitcd 
IfUigdor IjegXelatient but tfe© folio* Jx * hove boon hold by the 
courts to constitute pollution under the eoi^ou law (vide 
ifsrlcl v>. 3 ih Organisation 196?)
(ij rendering wafer unfit for donc&ti© and ogrieuitural 
purpose© 1
(11; fouling a river so its to kill or drive avay.fishj 
>{iii) rendering water unsuitable for sheep washing or 
cattle drinking*
(iv) • ■raising th© tcmporaturo of tins mtorj •
(v) adding Imrd water to a soft water stream*
(vi) ammiMg eanaX wafer to boeorco offensive $
(vli) fouling a stream by discharging smmge or trade 
rn.efc* into if j 
Ctolii) ihrevamg noxious re A* so into a, river* 
hot only is pollution undefined but nlso there ere no siandnrd© 
of quality of effluents proscribed by lm?« A survey of 
existing ic/uei atioit carried out by the fvcrld Health Organisation 
19&?# notes ;**»
1 Xu the eighth, report (the Uoy&X Commission on Samigo 
Disposiils ir.yJJ to 1915), published in 1#12# the commission 
dealt with tlio standards to be applied to sewage and severe
offluoiita dieelmrged into rivers mm. ©tro&sse* In fact* sm 
of our&iiy with which cm affluent ctiselmr^od into 
a river m m t  t* imply hmr& » r  been rrosxrihed by lew lit tte 
United Kindlon* but t£& K^yrCt Cmmtmi^u standard^**
tmimn frtm H1I0 report# 'cota© to Ins msc&p£®& mm itsd£eatif$g 
acceptable U^02ity«' psrtimilarlr for #* tefftuontm* tn 
essence# t$m Qomtis&lmx proposed fcteat the £sm*&Qy B,o*D* 
{bioekSisde&X domna) of an effluent should not exceed
20 p*pm* •{ r* ts • per. mUJLioft) 1101* tlio ecmeent ration of 
suspended solids. 30 p*p*ra*f provided ih&t the affluent was 
diluted by at least ’eight time it® voliuao of river water*1
The aoy&X ©osstieeien attiisiard^  tier® set talcing; into 
account the results .which. bad in iroetic® !>ee» attained by 
various rsethodo of s e ^  treats at* a eenaiderabie w h o ?  
of oztalyses wore ssde by tli§ Oes^scian eff leers and by a 
imusbcir of fecal Authorities and they reeogmnded that ■ the 
norss&X figure for tbs .dissolved crygon absorption test should 
bo fixed at 2*0 peris jssr X00»0O0 (20 p*p»&«.}« A usis&or of
river© and ro&ch&s of r i w a  were classified according to the
d
appearance farosentedl to the observer a mober of 1 * -rie# 
frost each group were imteittad to the five-day dissolved oxygen 
absorption test;* Hie results wore as follows:
¥#ry cleat*. 0*1 part dissolved oxygon in five dess
Clean 0*2 part dissolved oxygen in five day©
Bairly clean 0*3 part dissolved oxygon in five days
ItoubtfUl -0*5 part dissolved oxygen in five days
t&l 1*0 part dissolved oxygon in five days
From this they eeacluded that the second group ray be tsdsen as 
a fair rr presentation as to vdir. t should bo regarded a® the 
average equality of rivers under ordinary condition© tmd ttmfc
for t*w i rycvO of a standard or oeale of niaadsffdo-t tfe0 
quality or Ciltiiirxj water afacmXd be to taa oonrtn *t find
fey tlso f£gtireO#;S* xtso O#*i08ion ^ nteifitaed ttet 
iti© aasmmi or dieoelinad pxy^n t&Mn up In n w  days by a 
rnliibxm of T&vm* orator and ecim$o lienor depended pn it ~ mrnxnif* 
talcum tip fey tlj0 gouago 3.3Uguor$ tlaa r/ssuni intssn np fey ilio riimt* 
water $mcl tfe® proportion in wM.ph i*'C t :© liquids wsra ©ossfetosd, 
.A isisttsr© 01s tM© tH?e nay -feo exjsrc ***$ in torsas ■ or ea QQit&tion 
no foXle&gi
*3
x * it
o,4'
wiser# x « parts of oacy&en talcon tip nr * ;ti **, )0© by tin? effluent 
■ T * parts of &i##e:tv#d osycer; i f tern tip per 1OO#OQ0 fey 
river witter nfeov© out rail ’
z *® dilution (p$*-Qpm*t$Mn of riwf wtar to of fluent)
0*4 ■« X£mlf-iis& f£$ar# (t&e decided t-tafc if
\
100*000 o*ea* of rtoot* water did not ~oa:r ily tMm tip mar# iticm 
0*4 if* of dissolved esyien is f i w  clay© tfea ri^&r nmild ■ 
ordinaryly Tie ^roe fr«.0igrs of pfliufJen}, ' figure was
arrived nt nfter emmmlnn tli© rccuKe <*r dljsiiolverl ory/fes 
absorption analyse# cit psittt^  whore Elams of sewage pollutl* 
were observed raid tdmv® t!ioro.vore no signs of pollution.# Hy 
aubsiilfaitiag tfee flg^rsa for recor&j&ndLed effluent sireustli mid 
reeossrondcK1 ganllty of diluting water into this equation# 1 is
found to fco S* ffeie led to th& ion tlmfc tli© great
majority of ofrxuontc tfero dilated fey rsore ifems eight tlnseis
their re"1 of r t e  water* ffii#i r ? tf a   ^wag true in f 
oaBss res/lotmd fey- too Ooaniissioii of wtiiolt were selo^ ^
on oc€«i.ut of the fsmaii dilution ofetsirof hy tliom*
**$ r*
•laics f i f t h  report &t th& €omiBni<m.  s tr e sse d  the 
importance ot' limiting tlie quantity ©f ©rtsportdsd 00lids l.ta 
an e f f lu e n t  sacl i t  was 0110m  tlia t sr ctrcidord o f  throe p s f i s  
o f  suspended m i t e r  per tO0fODO li&d to e a  com on ly  a tta in ed  by 
efflumte i* *vo a nagger of* places* Any cs'sple fail las to 
ooitiply with tbis ©tmtd&mt u m  to fee revested g M  sables 
o a t is fy i^ v  tbs tast war© to he ©on^tdored w ith  referen ce  - to 
the fiirtb©-^ v o f  ttae amount o f  dS cvrolvod oxygon absorbed in  
f iv e  daye,
‘Use o of ils© r&eo&roadation 1© aa fellows*
*>Jfc Toooms&ndf tlserefore» tlmt it? the oases in vhicls m 
©osiplet© eysiax! is called for# the effluent f&ould sat couivin 
w e  than three parts of ©uapwided svil c per 10O*00Q and tbai* 
ic ielud iay i t s  suspended iia ttere#  f t  ©h&ild m l  t&lm up smv® 
ttam  two p arts ©£ d isso lv e d  oxygen per 1O3«0O0 in  f iv e  days 
a t  65°F C*S-*3%)*i?
This ©bsM&ril wma to bo rcyrrdcb as too normal 
etand&rd fo r  e ff lu e n ts#
ii>o0ijgisndati0iiii zm4m recently by the united states 
N ational loob iiioa l Advisory C o m itie s  -to tlm Secretary  o f  the  
Interior state© that for mil table- minion 0:100 of a diverse 
aquatic co: tenuity &  d isso lv e d  oxyyo.b conconir& lion o f  in  
excess of fine "* per litre (daytlm} m o  desirable*. iltborfli 
s©ss$ eoanse f i s h  snob as 6arp  eml boned could  su rv ive a t  0  roy, 
j>er litre dissolved ©sy^on* fisli aach oe Trout required a 
Kiiaifsusi of three iny. per litre Tot survivals for comfort able 
grwtli oomlitioaaf jnine' por litre ears required* If a 
r iv e r  was tm&d as a rooievos? of effluent imtorlalt in order 
to ho chte tawto.1 witu tba ©ffiaont oxygon <Iei?tancl mid supply
sufficient onppaa for the ranutie cos»xduity. to live and thrive* 
the rivar ssea • ^ air a dissolved oisygon concentration of in 
encase -of eight to nine mg;* pm' litre* the Koyal Coi&aigsion 
sfcnadcndu allow for ill© reasonable probability that this XeeeX 
of rarer o:.y;;n;i nay be attained inf oiolfitairsd without 
depletion due to excess effluent misricil. being disposed of 
to the Ppuntie em^ irennDixfc* dhc rccu rn ado lions of the 19*2 
f omnrlscloa would still bold good oa standards to be attained, 
today in too Xifrt of these isor© recent findings of o&ygen 
lo v e  t v  f o r  iry i-a tie  l i f e  s u rv iva l. •
fitfnifh fariJittig is moo subject to trade waste 
legislation* aritbout a definition of afmt constitutes -pollution 
mid. \ : l x l i o n t  the proeripticm o f  standards which# by in n ,  
should be ri.tni.tied before err diced nyy is mdo from the lend, 
there resni.nt* sore confusion over erectly rnat on the form 
eons 11 tutor, r ' r m f ' in terms of XenXtlt (of Imrans or animals) f 
os" enyiro-msootnl (river© and stresses} pollution*
Bp V m *  Local A u t h o r i t ie s . r a y  tcAn sanales  o f  e f f lu e n ts  
and they ray consider it a punishable offence if they find 
polluting materials being- ©Honed .into r It is aJ.ec
a. punishable of fence **#*•*. *tb impede tfo proper flevr of tin 
mtcr of the stream*** * * *w Tlt.o P.eynl Coirgiioslon (1912) 
oteridttrds are m-ygerticms only and ere not supported, by 
XPSisXPtteiu ft mrvmnt irdividaei farming situations mwt 
fee -ermired before any Jttdgpscmt is made as to xiheiber the 
cliseherp© io considered polluting or net, A particular 
discharge amp eorsti title mi. offeree ssu be xninieliAftie in ore 
situation nieraes the sss?e discharge any net be considered as 
such in a different circutas-taxjco * If the dilution of mi
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effluent after discharge was Iovf as in a narrow 
mtre&m# a &p®©£&XXy stringent staacferd ml#ht be prescribed* 
if very groat# as in a fiti©f fast flawiu# stream# t&en the 
general siaialard aright tic rolosod*
IMsia 4 presents potential paXXutlns hazards on 
toanas i~~ tfter witli tliotr-polluting abilities* By far ifee 
#re&t0at problost facing the fo r m a t i» particular the llvmtoek 
farter t in h&& to dispose of tlio largo qu&atitios of Mgfity 
polluting Xlvestoels voiding produced daily on the fens* tlia 
existing legislation coneornisi# pollution is not cotaprolioimiw 
ossmsgli to oaves* pollution on tho farm although olaeeifying 
f a s  a trade onablos a w&toti to ho Impt on sources of 
possible hootth hmzmiB mnd pollution* H10 recently forced 
Vopartmvst of the Bmr&rommnt ttm  under Ctifm to control 
pollution and legislation is likely to I jcoone sore res trie td*#; 
with more policing of trades and industries ® d  heavier 
paaaiti.es on conviction* Kith IMs in tnind farsore arc turning 
to treatment systems for tlaoir effluents ratfies? than continue 
to overload fields with iigamres or dischnrgo effluents direct 
into otroeno an# allotting runoff into ^teroooreea * All the 
possible source© of pottntimioX hossrd. (fable 4} will liar© to 
be reevaluated in order that a definite solution may hm 
evolved to alleviate the stresses associated with intensive 
liras toelc production*
itie reminder of tlic introduotloa will relate 
apeoificaXly to bovitw faecal of fluent*
o f  fans mstotmm ** with eg. soda ted r
nature of waste feature of ttasard.
bitter 
derelict fane: im n h itm ry  
metal, contt'iTicrs
■plantie lifter
Agroehemic&ie
Iter b icicles 
fungicides 
insecticides 
fertilisers
tv, aa enoraeefe. to the trcf> !mi.t the nrofoieia
Sc tea on treatment
IU*o~©ff
yard
field
Anis3.il Vi
e&ttXe
poultry
Gan Mock streams m M  const! into a 
h&Ecrd to farn animals and children# 
Lcsuispaec is was tec! where litter is 
discarded* AgroeheftleAX residue?a left 
in containers ray coast!tut© a heratf*. 
to- agnatic spate if container Is 
climenrCoti in or  ^car m vaterem?rv*c * .
lastisrge of these cIieMtmls crm lie x 
health hneard to. pit at and aninal Ik 
fable 3 gives ait indication of ttsc h 
to 13 fo form associated witti t o^ r 
agrochemicals. K. and P. in 
(it sppfJod to land in excess) c m  for 
rarhod into watercourses end eny le-v' 
outropklcnt lot', of aqti&ti© eyetomr*
Bom yard run-offa may contaifi a hi * ? 
B.C. i. load (silo®* liquor.r»n~o: T <i*oc 
fern aolrtsl faecal run-off) or?# conrti 
a karard to nearby aquatic aystcfjs. m 
ma^effe constitute greatest irairarm 
leaded wi fch fertiliser* dnnd©£T r-l Id?I 
type • r*^ y cause ©atrophic©.*! on of - ■;■ 
v&f&rccur ses • • ;• y
3a& 'X* roltirea of I ! ikk*fo. lord 
produced * Co© TOfole 1. lnU?m>iv& 
live steal: production units ©rente gres 
volume of fcecea in confined area* id! 
will increase likelihood of spread 
pathogens to other -aniwla and litrtvwie*
Seasonal liquid effluents 
v©**© table w r  ^ingi® 
fruit vexhlnT 
m tto m  liquor
Can have high &«o*&* loading eppeeifeU 
sling© liquort cheek loadings of ihr! 
disrupt tm tn tm n t ays tees. Ifay count H 
a hazard If allowed m a r  aquatic sy&fceir
p&ra
p-
i ©
Should be retaoved from £*en»s either as scrap 
d^iere a email amount. of capital mny foe 
regained e«t the bocal Authority rsay ycHaovtu 
litter. Correct oontoinor disposal will 
KiinlK'dse the risk from agroohessieal residues*
an ling instruetions supplied' with 
&2*e teals should foe strictly adhered to thus
rami ©is in# risks to esvirosusciital system©*
rcc 
& *
S'
.;er
5"
crir
tsic
-
Adcqmate yard csf/irolli"* ratd filtering to 
eoll*etio» points yorforjp* iccdin#- to a 
treat? xmt M  nt, will efalmiae dsugor to 
local, eiivarc * ext * Loafiltip of ereess ©Emmie 
of fertility * oa land should fos avoided* 
F e r .t il l6 e i r ’d /cn ti© ?  near to  r  u n tie  
oysters ohoulm km aval tied, FortHi^er 
application la tiei vex tnar e aula foe avoided*
Can foe spreaii .^Irccfc to land if enough land** 
space# in the case of Ifitaitsivc unit® there 
i© usually a limited mmmmt of lands pace 
tkerafere effluent usually diecharyed from 
the farej. Effluent must foe treated before 
discharge from t&rm to tmtereotareee ©r boeal 
Authority sewage ©ysteaa* treatment systoms 
wfoich may foe employed tfi.ll foe discussed in 
the next section.
Treatment systems slioulcl foe employed for 
these types of effluent foe fore discharge 
from the on-site packaging plants*
M i M J l
rf owltt&fciort
ty J J W fcwuffrt^ l*»V tfrwCT <P*Pt  ^ff ^ igys^ w bWPW w ^^O ^^ i^ ftiaBSgaqgtfie^ aftatasaigaasf
Ch&micsi Aosooi&fcod hu.mmI
#iLWrtjn.‘wtf »ho.- r*jw»*wiri^ f(W.;i^ .f rw*rrij^  j.1^ ri.iyi' .r 'w.: P^ y»:*yiMii;^ r»!ft" w.*» »jtim?»nw»KWi;iw^ffi.Mi iwafcii>BjiaiBLi»
ftebieid#'
Asmtvyxm 
Amin® tries#l#
2f 3t ^  m  
l&eopfop
&HI5*ieide
Barrie root*, rotonono* 
ayaiemie In&sctioitles
AMfin,
Lo©& fesessiie
£&vinph0S
Bismpooryl
BOrmftiX to fish
M.mk to otter plant life 
.Doogoroos to fish 
fisrsafnl, to f i t h  
llarsiSteX to o t t o r plant Ilf#
Hariil’mi to fish
f&srj&Fttl to fish ©ihI a risk to 
wild life
Bosjgorms to &m® m d  im rm tu l 
to fisk and 1 iv00 took
3s^«0fcus to bam aorl t&rm$ut
to fis!
Itersfttl to f'isiii livestook 
mud kaes
D&R&orous to l>«®s® fiats,* live* 
stock# gaiao# ifiM blrde and ©aita&le
Harmful to fish. and lives took
Cftlotsel (also ^ insecticide
and herls ie ic to ) H & m fu i to  f is h
Copper
Fmiia Ifydreside 
3fridensorpth
J&unsful to fisli and live©took 
Harmful to fish mid Xive&toek 
Bermful to fish
m  ^0 <*»
A ourvoy of systems oso&oyod for
feeviii© f&erasl effluent treatmant
l&s farjor pro-blest f'aein# iti© liuaetoelc fersjor-i© 
that. of* dl^itnsa! or imm&e In either tlie solid or tlio liquid 
(slurry) fora* H m w  fiawrs J m w  Insufficient IoihS to absorb 
oil tfee mxiS'Sdt waste fsateriels fsredaeoci ©n ilseir fmm$ mid 
tom lofioir *,*©** -will ncife© it necessary for tinea to ■ treat 
excess waste igsierleXs*
m root return of wesfce r~ crieie to ibo lard is 
desirable idictr© possiblet bat iiitenstas livestock prodtteiiois 
®»tor|a?is©© may Iiiiro to  ©iipiey a treattfieiit ■ plant to reduce tlia 
polluting load of waste simtoriolB before dlseltarge to tim 
QmrirGttmnt*
YrartLouo imste treat seat system easlett each. werlsiisg 
oca different priscipios and mmm r&lylug mi different natorolly 
waitable f^ ayaieal laud ehei^e tori sties*
Aerobic nofbeds of* troat^ ient-
C&s^gMn&» tbo ner@Met tb©m»pbilie! deee&position of crr*nlc
wastes 'to a relatively stable bra*© eontsitiiiiir tip to S5 per 
cent* of dead or living orgwiomr’ip toarasd eosspostieg* 
Composting acts .not only as a unstited for staMlieieg: solid 
waste ssatter tat also prorides a mans of storage of wastes in 
an itifieeuottfi f<w* A structural suppert usually In tb© feu 
of straw Is r©tulr#d to enable air aoveiaent witti-in tbe co * **t
Iamp*
t lm  pdtfoooso lias lesoplillie and tbonsopbilic phases
Ittirel’ritn a nlr;ecS popuifition of prioroor£anissia» thera&j&llie 
QotiswssgycfO'tos ployiejg: an iiapariant rale In the latter staisea 
of th© C0sapo£tls& process at iumperifctmree of 45 - 6S°£* An
optismim moisture content of SO ** 60 per cent# i© required for
cosiposiingf too low a moisture eoateni* o*g*. 20 m per cent# 
will radme© the cosst?© sting rate to loss than 15 per cent* of 
the rato at ojitiraa moisture level©* too high a isolator© 
eontont e*|f* in oxooo© of 70' per cent* will inhibit air ®&m«* 
m n t within ttm Heap i M  turning or forced air injection will 
b© retired*
Hie costposilsg p rm rn a results in a coa&aotioii of
flu© heap igs&lng to a eonsidor&blQ voltm© reduction and the 
resultant raicrial i@ free from weed iseods end isost pathogenic 
orconxt, bpop© forswrs e.g. £lgSiZ^iDl«J22* mr.y survive.
Compos ting requires a first steustoral support which
allows froo circulating air by its open texture and it should
' /
bn leas decomposable than the material to be- ooitipostod/
Bomeatlc refuse &sis boon used to prorid# this m a tr ix for 
coyest heap© and combinations of dosaostie iisscl agricultural 
wastes in. composting processes have bean successful egjxMrls&s&t&ll?
Is largo ciiterprlaco* the ssoeh&aics of composting 
may l>a aufoinatacl to a largo extant* however9 a cheap source 
of matrix materiel is required* Xa Ore at Britain straw can 
be c r “ Jw# for use in compos tins*
aompostissg produces a valuable fertiliser which m y  
he ploughed Into th© lend* Thor© are no problems arising
ttrrmigti odour wliora the composting process has boon employed# 
Mglg.t^ ._PPmMiaa..i^ pggcs-je<»?..-.ltotid-<<aa.t«>.e. A lerge nusfoor
of methods exist for assisting contact Uotweon oxygen in the
air end tlse organisms pro sent its the waste matter to he 
treated* Assisted aeration encourages floe formation which in 
turn t&ootsos active in reducing the polluting load of the
m  **
faecal imieriaX by tfa® reduction of ill© organic load with th© 
production of ©aarfctm dioxide *
Pumsvcsw c ''tion ditch* A foiaa of thi© is ©hewn in
Figure 5? it consist© of e ditch in the shape of a rac® 
trade on m fiat area of I anil* . Blurry* dofiteed fey Cleans 
of a S%rte#o& ©eroen (Figure 6) * 1© fed into tfee ditefe 
%mA tfea material, ie circulated round the ditch hr maassa 
of ©liter a rotating hr^ etx or a tmtefmd paddle tste©X or 
perforated diaee* tti© oiremlatorfs .aXiso serve to heap 
tte ditch eontottta wall ssmtesE# A settling period' i* 
allowed la ©wary 24 hows hr turning off the elreuXator©*
■ Liquid im decanted into a settling tank* The deflhrini? 
unit (figure € } prttnmts the ditch frojss becoming bloated 
fey te:j©Mn§r the' fifcr© out over a perforated eoroeai tfc© 
slurry falls through the perforation© into a collecting 
channel and la ducted into tfe© ditch* Ite ©sidetion 
ditch ha® had little ©uceecs in Sreat Itrliain dm© to 
high running ©oats mad poor result#* The ditch©© ore 
proa© to excessive foaming and overflowing*
the#© are of a iiediiler arrangessent 
and miio© the amount of land required for a treatment 
system# V&atoua PVO feiological filter taedii» have teen 
used t© provide m i oxidation ©urfao© in the towes? 
Including the ooMercinl f « »  fUooo?** ♦Surfpale* and 
tQloieonyle* • figure 7 ebmfa a module of *FXocor* on 
part© of. which miorofei© logical s ltsm  say fee ©eon attached# 
ftese isaterinia provide an extended surface area over 
which the B lu r ry is trickled, Hie ©urfaces of the mdale 
pj&cfeingf material lieoois© ©sated I n  a miesra organic alisss
seta on the organic .material as it passes over ttm
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Figure 5
Pasveer oxidation ditch 
showing paddle aerator
-  3k  -
Figure 6
Parkwood screen in operation 
For defibring slurry
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Figure 7 
Modu1e of 1F1ocov 1 medium
*** **
slips*, im effielest refiiseifem in pnllutinp Impi rey fen 
o&ts* :>it b y ©f tlMi troatetf material • ^tr
£&&&&¥ mm fpstfitle m&ixmt pm,mp requirc^nt is
Ilptieet to ttiat for the pir~4x> ^ *eh m t m s  tit® ettirrp to 
ife,# top of tfee te»r* Oxidr-tlon iTOora &r© fee tier nsnf 
a.0 em efficient if wqmnslve ^tfetiing prooose rstlier 
ilma f r oossplet© tro&tsaeat spates?* 
j^npg'.pnmtii»n iimm imet'm mi. I
r«**.-u£rtnc rp g tara tra  m  fm>m air f^ougl* tfe® 
c-ffliient in treated* ffee rc.tivaioo. nln^re pr#eesp 
for *1 ^  n^satiseni of dorsoatic ©enage is © vol-1 teioti 
iwccr p' i c i tMe. Slttrrp is lm%€. in t- sis mM. air- i© 
ferce-CI in to  i t  v ia
r.} #£ns&bi© ipti* ner a tap Pitiiatea at t&© tiers 
of its© iasite
fe) £nr£%.eo a t n l r  fo rc in g : a ir  tle im  ia fto  ifee tsufe 
a} *fotutt&ia aerator** iM,t§ aps&yis tfea_ ssM liti# 
the air*
Tiks p ro & ic ti© »  © f n n a ll  M r  fettfefelita fsjr ite ra to r#  p res en ts  
s leader mm'P&m area to tii# axurrp* Im m m  ■& iiaro efficient 
aera tiers m&& mismnpent glgoetioa- firmness is
tOse ^©ration of the ©iurrr 1b f Jo tr&&tao»t lilies i*
©%po*tslv© &?*$ m  y e t $&© cetivwof, *hm 4^& pr©oo«a ©&& 
similar tr^ ateiaata nr# eo&aicloroa txaofui a© a polleftta^
I Oi * G&&&'*
le th  innaes© ansi Warrior d&tetme provld© Mr lifer 
treMnnnt proosisres for allirrion* tins top iliro© to ©3« iacPes 
o.f ilia ©lurry itar&Me w h emm the ero ipmemlip
esiaorobic*
•*T5
* »  J f  m
lagoons* f f r e q u i r e  a Xnr$e area of land t© fe© out t© 
a depth of t&ree to t c m  fast# *$m lagoons as*© usually 
constructed to feci used isi ©cries# ' Slurry in  to d  in  & t Urn- 
imsd of t&© first lafjstm asst an ©varflaf# pip© fr®m ttm  first 
Xegoon *opd® ilia second lagoon# Tli© second lagoon overflow 
to a ©trcMt or isim sad© efeaonot vtaiclt aeis a© a poliabor for 
tfeo ©ffluent *
ifcat of the studs© prosaist im tfee mat© mteriol 
settles is, the first Xaggoon one very often tfeis turn© 
eo&piotcly cnoorotoie trltli tfe# forr^t ton of a. crust on the 
surface# m e  eecond tefoon eJieutd remain ©orable la ©ctioit# 
xxgoen© can'act as a coripXnt© treatment process 
and the rum-dtt® coot© ears law* Tfee «&,1er consideration 
eoneerns tfee land r©«pire?fi©fii and construction easts# 
E9B&£Ejy&&* Figure 8 ebon* tlso eima*ses»nt of a barrier 
ditels system* A X&ng ohmmot is constructed down a gentle 
Mop® and is eomp&rinsisted uitti concrete of. eleepore* A 
ibcoretioaX detention j&riod for tfee affluent#' of approximately 
do d&y& is ' desirable in' the barriered cootione in tlia upper 
©tretcfe of i im  ditch» thus leaving a nmsimm stretch of fra© 
flowing ditch feeyomt* A typical ditch ifill hove a working 
depth of five to 0i& feat and will fee thro® 'to four feat vie!© 
at its® feet tom and seven to nine foot vide at effluent level* 
fefiih a ditch of these dimensions about one yard of len^ tfe of 
harrier ditch will fee retired par cow* m e  construeticm. of 
the harrier# includes a throat and lip arrangement vMeli 
allai?© a iricl&e of effluent frost one harrier to the nest* 
thus# prevesitin^  floating sludge frost passing over*
*£hm construction. of mi©& a spates can fee expensive
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Figure 8 
Barrier ditch
mid & naturally sloping piece of ieitd is required# A complete 
treatment of t lm  effluent is produced with a low running cost# 
Anaerobic digestion
this process irrsroives tti© production of £ietb&n& gas 
by digestion of the tmiisal.voldlnge in tlte total absence of 
ozygmu Slurries ere rendered inoffensive at the same tins 
^nhmssing its fertiliser value#
A t present imaerofoic digestion can fee Justified only 
in vary large aniaM pr eduction. Bigs store ere
unreliable in operation and stringent conditions must fee 
applied far the digestion to reach completion*
Hie gas produced from the digost-ion of lives took 
wastes is cos&radtlblo mid mmy fee used a $ sr supplementary p& m r 
source for fck© farsu
Capital costs relating to digester construction ere 
neoasasrliy Mgh due to tfee factors vkieii imist fee complied 
with for tit© process to fee mieeeesfut* gunning coots are lew 
and 002a of tfe© capital espeuditure may fee recouped fey use of 
ttie digester gas.
A saare detailed account of the anaerobic digestion 
process will fee given in the following sections*
Otter treatment systems
Sfehvdratio*** This method fees mainly Immi need with oMefeem 
maimira. Lives took slurries arc tee wet to fee treated cuccoss* 
fully* Capital and running costs are expensive* 
dilution* Uiis- is a convenient cmthml f o r reducing pollution 
loads b u t is itgpraetieable >?hero dilution is carried out at 
the expense of the environment9 e*cr* rivers* It is • illegal to 
discharge effluent directly into t&tcurcourooe without the
per- ‘salon of flie iUvor Authority* and it ©a& create a lieaifcb 
Imrercl vbore j^ mpisgr stations are close by*
S S M 2 M ^ ' £ J l £ J S M a S >  W r o g e n  anS osyecn gas bubble® fro®
itr® electrodes near the bottom of a tract task carry
•mispcB&ed particles -of solid taafctcr to fch© surface. The 
resultant floating- sludge layer may b# by n continuous
conveyor bolt* This method lias bean used in ootijtmetian with 
aorotiie tre&ttamt methods for slurries ms& although euecebbT®Z 
in operation is ospesialve in  capita 1 rnitXoy*
Other mate treatment smtbods include the fiamro 
process* reverse osmosis.» til trefi I. tr&t ion cncl centriftugntlon» 
These Eiotho&E ora irnprncticabic for nee ritli bovine faecal 
materiel. due to various feetors including the sometimes liigli 
volumes of material produced. capital and running costs for 
UitiB® i&it!ntt!& t^ itk bovine slurries are - prohibitive*
Hie isost practical treetno-nt ssetkods for bovine 
slurries to date have proved to be the lagoon ©vstoo* end where 
cult able? land is available* such tus in the Peaces tershire and 
Sesterce t arose, the barrier ditch* Cork is being carried cut 
at present on forced • aeration system® end anaerobic digestion 
system* Those stothoda of treatsssnf may yet prov© practical 
for use with bovine faecal offluonta*
f&e ©hnraet@rl.eti©s ssad ©onrpoetiiosi ©f m %-m®to arc 
important in determining' tt&» approach to tendling'* sad 
treatm ent isiad d isp o sa l sy et m m *  Jm M m  &$g>Xl©&tion of* tt&tisrol 
gr&eeoem t© degrade m s  ten aitd the use of1 already triad 
principle© to coa^oatrat© and accelerate natural pros os sen to 
tm & tm n t  Bystm m * Mm nature #f ffe# met© to ft# treated should 
b# understood before a pnrtiotilnr tr@af*ni system is epplimtf* 
Borlsa© stelsa are & ndxttsre ©f f©©e©0* uriti© and ttm h in g  
mtor emd th® factor© that i&siy effect Mm tr® & tm n t of such ' 
material© include f&© pm*ticuler ©bars© tori sties of the ©ntmal# 
the feed ration and th®
Pmm>gms
TalgcinMes (t96%) claimed that the quality of the  
food • influonsei* not e n ty  th e  zmaimt tho animal oats which is 
re flo a te d  in the q uan tity  o f  tpamare produced but a lso  influence©  
the chemical ©osspositi©© of* ttie mmnwm* fhm constituents of 
Mm feed trarr is .ity*' stnreli und rprnrs feeing highly
d ig e s t ib le *  Sier^toollul©©©© and ee llu lo i& g  le a s  d ig e s t ib le  
vlioreas lifpiins are feiMiiy resistant to d|/“©st£©n and tend to 
appear im&iterod ±n th e faeces«
Ili.e cosspoeitios* of the faeces 1© of fee tod by the 
d ig e s t io n  process through which the food hoe passed* th e  
nasisanl lime m comptmn& stomach consisting of a. r©ti©ulo~rumsm® 
.(of mem& 100 it tree •e&js&city in a com) tffcore microbial 
digestion occurs# Seta© absorption of digestion products else 
occur© here# Hobson. (197*) described the system further9 fTlie 
microbial ceil© end feed residues pass m i to tlie oimsum where
valor la abeorbod *md. the feed eeneonir&t®d. Tkmy thou pm&  
m i to Urn ^omnus u&ere geotrlo dilation imlmn place mm 
freiii tmr® onwards the digeetivo £a ih&t of a n$ra&&
&&&&vercue aaiiial * * Bach & digestive system enables rmsimrniim. 
to utilise xar^c asmmte of mgetabie taafwiel since the 
cellulose component ®ay be broken dowa to a lar^e oxtoat taa 
the first threo etc®acias*
siaitb ot.:..ajU i%9&9) doaorlbod russtiiiaiat faeces as 
being oeaposod of oeteboilo ossere ileus containing nitrogenous 
aompoimaa aaci various iritanlno together with undigested food 
• maidaos pri&Ktrily consisting of ec&&uSLo$e* hmzixmtliile ee and 
ll&nitw Where bedding is steady ffee wastes may also include 
striate « ueodshaviiigs or ect&dmst* fit addition to the faecal 
oosstituoats mentioned by Smith* faooets oontmiJi feiie acid#* 
pignuts and stucin* ©pithel&ai cell© fro® the
digaativo tract* water# i*x»rganie 001 to a s  isrso mnsfears of 
bacteria*
The characteristic o'dm?r of ge&ece 1© due -to the
presence of indole end ©icaiole and mar peasant a- problem 
when FpreoJl’C sscmire-'oa fields iei ©ueeaa counts •■
Hie ooi^position of faoeos is partly dependant upea 
the feed r.nd bedding system used* feed typo and the resultant 
faeces eor^ pooitl&ft w i l l affect the treatability of the ©atrare 
and the effect of diet upon, the treat ability in the anaerobic 
digest!os process is one of the parameter© under consideration 
la IMe peasant wrls*
Urine
Bovine slurries m y ' contain a. large quantity of
urine* A pro portion, of the urine voided fey the cow may drain
mt&y to collecting channel© other than a slurry pit end 
evaporation may also reduce thm volume of urine in ©lurry, 
however* urine constituents are a major consideration when, 
'determining the efeiiraetori©ties and composition of slurries 
for treatment. Brine contains an array of nitrogenous material© 
including urea# creatinine* allmstoin# purine bases* Mppuric 
acid* mmmnlm and aiaino acids* the inorganic ©aits constituent 
of bovine urine includes ©odium* potassium* calcium * taagneeiom* 
ehoride* sulphate and bicarbonate* Sots® sulphur containing 
■constituents such as cystine* cysteine* methionine and th©' 
inorganic sulphates of sodium* potassium* calcium and magnesium 
may also be present*
Th© combination of feeeeo and urine 1st bovine ©lurries 
produces a material with a tiigti polluting load (due to the 
variety of osiygon demanding organic© present) and as offensive 
odour. The treatment system chosen for use with bovtn© ©lurries 
on the farm should be capable of both reducing the polluting 
load to acceptable standard© mid removing the offensive odour 
of this material.
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The anaerobic digestion -process
Baines (1968) noted that most of the attempts to 
examine the problems of pollution associated with agricultural 
wastes have relied on the application of established methods 
of handling domestic sewage. Xhese methods rely on the 
application of engineering and chemical principles and know­
ledge to enhance those naturally occurring biological processes 
that result in the degradation of the waste. The anaerobic 
digestion process is one such process. It has been applied 
in domestic sewage treatment and the basic principles and the 
knowledge gained in this sphere may be used and applied to 
agricultural waste handling.
The value of the anaerobic digestion process
The anaerobic degradation of organic material is a 
naturally occurring process in evidence in mud flats and marshy 
ground. The process may lead to a build up of end products 
such as natural gas which may be used to economic advantage.
The gas produced as a result of the anaerobic 
digestion of sewage sludges has been used in the recent past 
as a power source9 for automobiles and farm machinery. Xmhoff 
(1946) compared the methane content of the gases produced from 
the digestion of various wastes and concluded that methane was 
a good substitute for gasoline as an automobile fuel but that 
the quantity of digester gas produced at municipal sewage 
treatment plants was small in comparision with the demand for 
gasoline. However, his comparisons of methane production from 
various wastes showed that the quantity of gas produced may be 
increased considerably if solid organic wastes such as stable
a w e  digested* -Hi© quantity o f  . gas e vn tta bX© fro® ttie
©table r ~w*r© 0? on® eow wo© &are than 100 time® the per capita 
gas production of municipal aewaip treatment plants. ■ tmhoff 
also noted that there was no appreciable loss of fertiliser 
const!tuent© during- the digestion process.
SeiiaMt (19S1) (v|de /msganidep ©$.,©1.,.. 1fi3) 
designed and built digester© the gas from which was used to 
power fans tree tors* Tfee gas was also used to licet farm 
buildings* for drying and refrigeration and the production of 
electricity, aescmherg (1^ 52) discussed the calorific m in e  
of the gas produced by a plant constucted in Allorhop in 
Ctermany. At 56 per coat, ethane content the gas bed a 
calorific value mt 6$Q Btm.imd at 61 per cant, *3© thane# 760 Btu* 
the octane figure- for tfm gas-was ground tio* A Coiogm tractor 
isaimfaoturer (Beats limited) claii5@d flint a 28 &•$* diesel 
tractor shoved no loss of power when ru n  nn gas. Hosenfoerg 
mentions the- use of the anaerobic digestion process, in France 
and la Algiers to obtain gas from isansarc* la 0©rmany# - - 
interest developed in ito© construction of agricultural gas 
production pleats after a eostfimme© held in taidwigebtirg in 
Hay 1947 wlmm? Butoh and. Canaan experts read papers on the 
power sad i^ amtra aspecta of the procoe&m The most well immm 
plant to be erected was by Bofu, Vferdet* (Ferdinand Schmidt) 
who put up m plant at an experimental farm at Allerhop* Tliay 
found tliat the gas production nos directly proportional, to 
the m m m * o f litter used and that the large variations in 
the sisaumt of goo produced wo re related to- the temperature at 
wMcli ilie gsroce©® was run. ttoigaaide® (19-63) evaluated a 
digester for poultry manure$ for a hen flock of 20*000 a
digester o f  fkoo cubic feet capacity %-rmtM fee r#cjtiired at an 
initial cost of range #11*00$ ta $&5tO00* Tfe© income from  
using the available ©omfeusiife!© #ss fsroduccMS could fee between 
0900 end 0f *200 p er year*
Sctaidi (1951) ( & &  Te v ^1.  ^JgiJljuji£sm£n^
recorded tfe© staifi adventftgea of fans tmntc digest Ion mm 
of m m m m  headline prevention ©f loss of 
Mtra gem frs« raw manure* centre! of the l#®e of organic 
mutter from rts^ Kir© ami the d&otroetien of weed seed® during 
digestion* I7ia.es© advantages -* tsgptlser with the mothmm gas 
produced %mro saffie lent to recover the digester cast within 
ton yeara*
-'Hi© dtoaaiar tsreHiseftr;
toe a»grsfei«- digestion process involves a feesgtitoK
series of neeetiotis terought afeottt fey a mixed culture of 
tmetoria* Simpson (ifMlO) described in sosb detail ©ossa 
aspects of the biochemistry of tlie nsserobie digestion pro©©® 
and llsrm^ ’ailc (196S) presented' a. rasmp# of tli# major assests 
of anaarsfeio digostioa.
* o passes of fleeeiip0S-iti#n ©emir to the digse-tlon 
of organic mttfcri thm liquefaction and the gasification 
stages* Bi© end products of the liquefaction etogo ere 
utilised to ito gasification etago. Liaue,factien is brought 
about fey a missed culture of miex^rgmiifKss the majority of 
which are saprophytes* tfe^ ee organisms i#r© net mm sensitive 
to &fi&£p&ma6mi$tl ofeangoo as those bacteria responsible for 
the gaeli lost ion at age*
lit® l i q u e f a c t i o n  o f  o r g a s t i c  m a t t e r  o c c u r s  w h e n  
extracellular eussymes oatalyxe the hydrolysis of complex
I < *•?* * *  Sit. f  m *
carkehy&t*at©s to  s im p le  sugars and d o o lio X s f l ip id s  to  
glycerol* i tv ^  to peptide® fiiist cerino acids imd fet& to 
fatty acids* hydrolysed cxttenies nre further fero&ea
&nm to ireletile organic acids fey facui.ta.tiw and cmadrobie 
C&ctd pr * c v&$) tmcteria. Ac©tic# tatyrie *m& propionic 
c&i&s arc the main add end firodiicts of this first stage* 
AMefeydos as well as carbon- di«ss£Me crnd hydrorc are produced* 
Hie .gasification B lu m  consists of the cotnrorsictt 
of ra X© or^nle ooapounde to ts*o final and products of 
carbon die: *'T* and tmlMmm and a biologically inert organic 
rooidme* M«pi©faaMoa one! gasification oecnra aim!teneoucly 
resulting: in. a well.. feaXonccd eysiem*
Organic acids f ©dttfelo nitrogenous eoftgaounds and. 
tii© oilier end prod,nets of tlie first sicyx* reactions arc con* 
verted ia the XicjUOfiictioa stage to ■“ m a t osssouis* and acid 
earfeonalest d i io l i  a rc  n l t im t e ly  broeais down to  the f in a l 
gaseous products* $&re&pt&ns9 aim tele» indole and hydrogen
su lp h id e  t~ r  foraod. as fe y ^ re d u c ta  o f  t te  process *
$ .
In  the  o f  fo rm in g  b a c te r ia  t lis
d ire c tio n , process im y  em iy ©aaaaa#v in . : i i^ i4 fy if ^  i  ^ m a te ria l 
and ssny render It -more offensive tlma. tlsoorigiael mtoricl *
AX terostiTClyf if lifjiiefmotion occurs at a faster rate i-lism
gasification ttso resultant «aseiismlG.tian of adds assy inhibit
tlaa nothenc feaeterle and tin? digestion process will f a i l . *  
Amerobio^dli^st.leu usethodo
l&v*Q lt and Sykes (19?1  ^ CfOlo'* O-S^isJI 10 fo u r  d ig e s tio n
pmmmmm*
1-| f l ic  conventional d ig e s tio n  process which c o n s is ts  
of a circular i&M: with a fiKOd or floating
c s m s  'XIjo tank cm* be heated or unlie&ted 
q ®n eacrasrf cc although laeatlstg to 
t^ nrpsratarosj of" 88 «* 8S#0 will increase t M  
rate of digestion ittiS etfrraspondfngiyrod&es 
til© detention tins required* A 4otontion 
period of* 30 «*► 60 daps is need 1 n the coa-* 
ve&tiosal proooss* A cgsvctitlonaX dimeter 
in utiiiliir #f istfigg #gf«s8tf: t® ite t«f
'.aa'dfra ;**:I ' <$ *r ~ : ;, ie*s nod thick
oetttii layer ffcrios&ion*
tlie high rate diffOsiieti process maploys the 
Imsls com^ntiami cleitJgn timt aMs a itining 
device* tale ensures unifora seeding of tha
mote caid helps to prevent itie 
aecumiatioa of a m x m  layer* The detention 
tixso m p  be out hror ”0 ** 60 daps in the 
eei^iitiosaX digester to IS daps or ice# in 
the tjdgti rate system* ciuperaataiit digest
of the high rate digester is mere IseEriip 
oonfeEKSinated sita seller thru* is that of the 
conventional ©pstom*
The anaerobic contact 1 "»'d- cjJ f .>is a tsodiflefeiien
of the anaerobic digestion procees in trhiok a 
high rate digester is placed in aeries *fitii a 
solids separator* Tlic settled eindge coetaittiiig 
an- appreciable nas&e? of ergaeierne is recycled 
1st the spstei mid the hydraulic detention time 
mjr he redaoed. to 6 «* 12 hours* A degeeifier 
is required In be treat* the digester and set;tiler
tanfe to ©Xis&n&to tlm flotation of eoliis fey 
trapped la the fciasarsu 
%} The anaerobic ttpftdw filter consists of one 
or ©re vortical filter fcodo containing- os 
isorfc <m$port to wMcft xileyocrgcmtes© mar 
attack mod i^ folifterato# fMs ©yetcs p&rmltc 
sclocitioto ©eXicls retention time for the 
tester£a and allows o #tert- 
liFdrcnftlc detention f lsso* Tte process is’ at 
prosont oKjmri^ ontaa but is being developed 
for large scale evaluation* tiso contact 
j«*©©ct*& tea been need primrily wits* moot 
nacfd.Bg wastes ted Ison teen round tuiecomesiio 
witts l#w ©treisgtli wastes* 
ilia tmn 0t the €ionvoiitio“"n? djgouter or tte tii#i 
rate dipasier in dependant ©1 the type of nan to to Iso treated 
and tho required end re&ult# Eee;s*»:i£ee ploy te Important 
part in t!m citslae of digpater tr,i% ccrofxil. coteidoration 
m a t te  r iv e n  to  ilia  m dse ir& te  b e fo re  a d e c is io n  is
@tade as to tlip mitefeilit? of any particular prccaiiis.
F*lC fe03*l£ I"*1 *» B jr^rtS <5 3L#*3®&Ip %O?5
h m%* ••**£/ envisw&stetaX factors effect aiiaar#Me
d ig estio n *  Among■ tiso centreI.H op iaflronoop  I s  th e dlgegstiot 
procMS te e  t t e  n u tr ien t composition- o f  the incoming waste»« 
te i^ ara itir# t fotf to r i#  eufoetteeee present in  the m t r le n t  and 
to x ic  fisatobolitos jjeroduood ©ssd d in o s lo r  d esign  and mode o f  
operation* tk.raek te d  Syfcoa m aintain ten t under •aorm l*  
conslttieae# rsoiisana production xmd smete etaliiXiaation ifitJ.. 
c e n t im e  a t  a  eteady a ta ta  le v e l  Kith mSMtvsm  co n tro l ©Iran o
toiaperrttur© of &5 ** 100®Pf r4um.mbi.otd $ % mCfteleat nitregan* 
pho&p'doro-jn * trace raiiaer&ie# a re&ooiiahlc lysoimt of 
biodogrndokie carbon ani © pH of hotm&n- C>*& rmd f«3 *
peftef te * a * tlios# 
are accepte© parm ^tors fo r  p ? a c t ie d  con tro l o f  ten ereb ic  
d igestion #  * " e t  a l.* (%9&9) have d iscu ssed  t l ic ' inter^potid&n&y 
o f  fclJOB© facvo*v> in  th e ir  review  paper. i  high. a lJ sa iln ity  la  
tUftir view  ®g*y be an in d ic a t io n  th at the tr/Bt&m i s  eal^gunrcted 
agoinsf: ffl fluotu&fctatis miilm- t*. low r.l? :n ii» ity  could in d ie s to  
th at a. n e e  In v o la t i l e  f a t t y  scM  can&ontr&tion m y  have 
lowered the |>?l to  siseli an ex ten t tb s t  m icrob io log ica l a c t iv i t y  
is it V f  * rod# Use o p t l m m  pit range for a ©of lessfhl anaerobic 
d ig e s t io n  i s  p!l £*0  to  8 *0 * llte  mast e f f i c i e n t  d ig e s t io n  w i l l  
occur at n jfl near neutrality#
. f, * t m t v £ or fit* O'* *n) ,:nvo reviewed eenflXeting
observations or temperature roqalrmmrvts of  anaerobic d iirestsra  
and conclude that no general criteria, imp be la id down, as to 
the te^er&ture at vkteli the cnaorchto digestion should be 
e&rried out#  ^  ^ in d ic a te ' th at t&© eptlim is te&por&turo fo r  
th© di o* • it * os. any waste eteuXc! be d^ iersiiiied eaaerissssitaily 
for tliat waste* Korsttanik (19^3} claims that optiiais biological • 
eetivity in 4 r mmoroMe digestion process takes place in the 
?E0 sep liil-ie   ^a  a 83  «* 95° f  end n m-wp in te n s iv e  enrerob ie  
bioiogicrX activity mil take place In tho tiraft^phille rtwiy©
130 «* t.’iO^ r- sitaeugk this latter is iiiattG d in a p p lic a tio n
due to eeenetsic ©cmstraints# The review by Kirseh end Sykea 
(1 9 f t )  rxn tion  the work o f  Pair and iiooro {#934) th a t reported  
four to* r-xivattiro ranges for the m m e e o M e  digestion precoes:
a tbercrophllic range above 4 f ua» a vooebU itie raayo o f  fS  ** 4Se3 f
- *n ~
a tempcjratas^  hoton 28®€ y &h&&& l06c) am! a
cryophilic? w m  'te&%$w 10^0* !>agwa (1963) frige Kirgeli and 
sybes f$71} points out fclxat tor practical application#: it ie 
As$*ortas*t to ueo eis easily miataiisect tmifors* tc * osra than 
©as tfc&fc t m-t ho eonsiotontly ®ai»fc&£ned« l&ch of tn& vorl; 
that Imm bmn onrrimI out 'in relation to m  on&erehie digestion 
o f  t e  v&otoo h m  iio z ;*  c o n d u c ts  using- tc r^ w a tu re o  in  th e  
i'caige of §5 - P3®f ("-: - 36°C).
jzapzl&nt®. m !iio mlnie-nance of ©ptircra biological T^-o^ tli ia 
necessary to onomto that & {mtiefrctory t ^tiou process 
m&rtm* Qptismm biologies! srwfit requires a variety of 
mtritioral fr c tor©. including- iaca ’« elements midi as 
oaleimii oayxrHim* pat&seiuffif soditm# ssine* iron'and otter 
©losenta which ore c©factora accessary for ti:ie Buzytm reactions ■ 
in sicrooryariisrs# 1lie laajor ratrienta required are carbon# 
nttroBOTit phosphorous and sulphur* Bioiin* jvamina benzoic 
acid end crime acids m y  be iseeosm "*y for the growtli of certain 
bacteria cdiBc-r rr eof&etoro ir <r*wy:le ronelions or as 
isitesmrdl erics in cell material synthesis*
yitroicn is required net ouiy as a nutrient source 
but part ie re#iirecl in pH control of the prcceea in fci*© 
omonims C .  ^r its tmfferine capacity.
lorlelty* So^e wastes m y  cmntaisi o. variety of compounds 
or .ions idiiefi c m  inhibit anaerobic diyeolieix due to tori city* 
tiie presasso# cC certain cations and beery metals in mrtttoMnt 
omm^ntrBtLmi mn* toxic io ilia anaerobic: digestion prooaee.* 
ffie elm*, iordi*^ ©f a toEic mierial i# more -dmmgins to tie- '
I:raoes£ the a a slouXy increasing concentration. coition torieiiy 
can be deematem fey the presence of antagonistic ions in tho
ssno system Ha"* ton 4a anta^onistd by s' iont 181^  *’, W  la**.
4,4* ,j..-t. jij» <iT
Ca * ami ds*’4 fey Hot ami IT* A?momM aas ia toxic at Xo*/ 
coseentratitmj* ami lioayy s&tele sueh as clm'O'&ltzm (VX}$ capper#
nielcsl.* ^toe and sasrcury rsay air a la ^nls at ear tain levels* 
Ckitiaiiaas E?a|^ k®%p to eliminate imay n~ial ic&ioity. rItie 
retrici# ©f Eirseli .ami Sylsc® It£7*) raports fefa© actual toxic
I.O'rala of amaf of tla© lr~v„ mt&%& Critic
S y n th e tic  e ra  a ls o  to x ic  to  the m&e&rofclc
dilation tmoeess aad Day ccuac psrtlcul&r eonaarij. in tlic
e/sarcM© cUftcoilon of dairy ©ow wcatc® vfeore parlour wasliiiigs
** r slioscd into  ^mto cliaisaols and ooXXooii&g pits*
*Bi& it&ftsro of £ha apaaraMc dilation
prasess esmeif*iingr of iia^efaeile *
considered to he fercmg&f about hr st least t«?o ieru# 
l^rMoio^ieatly difforent feft&tecl&l. ~v*s*M*oiia resulting in 
the wer&lX eenrersicm of cranio ti * ** v to sieflieae and 
carbon dioxide*
rie ffmse which tmmtxmm a Sf^&ro^tmette group of
t^oroe^r^Hsiss e©mtrasta the highly epeeislised. &etii?£$r of
org&ni** «. rtss eo&posltloa of the smct© and the 
conditions are. mjor factors in detertsiri ^  those opeoios
prodominant at (£wn M ims; in the dilation process*
ieiri.eel worts an anaerobic digestion and an. Qgtexi&tve rerie^ r 
carried out tip lteer£e« and ff&tt&tyish Cff€*P}* la both, 
swle^i tbs nan^ fflStlinndg'SMe and th» «#?thenepenle bacteria 
wore treated semreteip.*
sf tbs non«*m©th?»no1-^ i«< a nbe«?s
of this the presence in this phase of different
phpsio^ - ^  o^ t. groups of ordeal sms lias baea demonstrated* 
l&hle € ?dtie!s in taleea intact from the publication of Toerlen 
imcl nrtfir^h '(1969) enrinsrises theses feaeteslni specie® that 
h a w  bran **<• ** Pirated in the nor^-nstbaroponie phase of 
anaerobic digestion toother with the reference source* 
Aerofele and facultative anaerobic bacteria of the f©mil,lest
11.*# fc rBntatiw first r?am> ^own an the non*
the &r «*»»* ph&se of digast£#n which itamiima tset* nnogenic
Kirboh artd shrfea© {197? } have reviewed the bacteria**
i f  angb. little is ter>wn :ra,gri',dinp the miernbiol.o.
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Pe end a-no nod a op no » A cIm>raobac ter 1 aceae and Bn tereba© teriacsae 
have been demonst.rated (McKinney et..al« i 9%B vide Toerien and 
Kattingh 1<?69)»
Sams 18 species of protozoa have been observed in 
email numbers in anaerobic digesters consisting of roughly 
©quel numbers of flagellates* dilates and amoebae. They ear© 
thought not to play a significant role in the digestion
'V
process»
A vide rang© of fungi have been, reported as present 
in polluted waters and sewage and sewage .treatment systems 
including i&sssasffigsas* ii5£££y£SliS& “ ** Stonffi Inporfceti.
Cooke (1965) (vlda laerien and Huttingh 1969) reported tJint 
filamentous fungi and yeasts were not killed during digestion
and some species even multiplied. He concluded that these
organisms may be taking part in the digestion process by 
obtaining nutrients for growth rather than being present in 
the resting state.
f eerier and Hattingh {1969) have tabulated the 
result© of bacteriological enumeration studios since 19©3; 
although those studies are not extensive it is interesting to 
note that work by foerien et a!* (1967) showed that using a
synthetic substrate as digester, feed the total ootrnts of
7 ' f* c
bacteria produced 39 x 10 • 13 x 10'' per ml. anaerobes and
y  g
8 x 10J «. 1 x 10° per mi. aerobes. itxis would indicate that 
obligate anaerobic non-mothanogenie bacteria form a numerically 
important part of the total bacterial population of digesters. 
Microbiology of thomethanogenie phase
ethane bacteria are known to occur in significant 
numbers in ruminant animals and the organic sediments of
aquatic ©nviroawnfc© • Tim isolation and maiutciiaaeo ©f pssro 
cultures of isatlsms bacteria requires consldcrablg tie?©# 
teclmiquc# ©are end patience which accounte for tfe© poor 
definition of the &otU&n©g©»ie bacteria and thoir ©barrier**
1,0ties* foericn and Hatting (1969) cite Barker (fffd a# b 
and 1956} sad BawmXt tmd IJstfieid (if3d) for compretensivo 
survey© mi the earl leat studies of c^ tlianettmesi®* The uorlso 
of Sobngon (1 f06 ) $ Oxmtimmki (1 fI € ) # (1 f03» 1 ft 5 ) aad
fesiwai© (if&o), Barlsor (fffdfe) fartde Teerieu and tlattimgfi 
1f6f) described isotoono@onio b&eierlsu Cocci» Gras ucgativ© 
mn»^80tilo rods# Gras ncg&tivo Istrg# ocncpiettouo oarelneto 
and & siO'fi^ spsrefer^ iiic a© tonne producing bcetorlusi chiefs 
torraanted etlijl oloobol h m m  ail been described mm smth&n&gonic 
bacteria*
Table 7 obot» t$mm® er^ cmissss tlmt Itciw boon 
classified a© mothOBQoonle bacteria together with their reference 
source, Mssterc a t  to 1&MwbtM.toirtam* ^ Z z s a s s & s m . end 
iMiia§fiS££8iS& tew beea isolated* Gsaitfe (tffifi) (atitia Ycerien 
and uat'tingiit !JS>) f*oa high digesting sludge dilations 
inciudi^ ltg.tiimaehse.teriiffisi... f oggiiotenm« £1* rt wittostttoia«*«* l|aBftltea»SgSi8aa^ i^r^ |lr^ iaiO;lfcIl£KaacgB^ «rtM^ )a<Oafeia^  ^ *
l#tham©arei^aJhH^^^ii* two nmw thanohcotortosi quo» and etttlE«gaadiSPii£<Mttli.n^ i^afcaa8sag<>aei^ .vafaaj*»jC^teae«8a^ l^^ fea?^ a^iig5t^ p»“ grm.tn -^wrunnsii 'umriiiioi* i.tT^ iii a*raft*!him mm ia unarmiMrt^■tii.tm'"iihi
now ~ ^etheuoeeecgu^:...0ppe Other *s©th*mo$©nic organisms bare fe©©» 
isolated (Sctjcr If5£# Oppoxww pt..rai_»... 195?* Hclaon el, .*&3U 
195& J£HSl ^ erlea and mttingk W&9i iieiss resoiabXAngr ©rgsnicsis 
ciireadf described, in the literature*
SS^ tteiofonlo bacteria are sew taora to he widespread 
to  no-tor© tmv&®4g been is o la te d  from. gm?zl®n milt  b lack ssxd* 
the nsm c # f  li&rbi^or<m& milmzte f sgcroboo* pond©* toko© and 
s#srig0# and ocwajgo troctiiscnt processes*
• led from f©erieii€i.ii£l
fS&cteriisl sjioeioB
!#&t*?e??ogiar©isia isotli&Mefi
Us tte.noooccr't# ssmssei
. setmgeiti £-tftt 'Tft 'itw tfft i» il^ r,^ ^ f t ‘>>M^i ^JTPT^w ^ilfW iriW te t » >U
tejtftarwtec tcries?. cmlitmalg&ifflrTn^ i^ itm-irr^ rrrr f»t iimwnr~irrnrr»-r- rtnri■ ■ i^rnrmninmar*■ inaHiri»Titw-rnr—»,r<x■ r »j>;^ijm^o.iio'
Its tlmnobooiS Xtm ' &m&%£*mm'&&.&
? ~ i** Gh^ctB^inm.ffarmictctssi
S^otten
i mm a *
Ms ±b£mM$tk& ter lum
mta&s&baor., .gafclyifc^ a^i
Claara© t&ri&tici E#f#r#ne#
f&ttenoh@< itm. txtmimmt&vin
s&reui ~
OOO^iP
fled stewed 
Bad ®h®$®&
llerrctKf Mft biKHfcjM»&ina,,o *- 
te*rtsr& of format i«m iT^ i 
of tr%? teat 
He4 f^ ai^ ect* I’redae&B mtijtis 
£ror ^owt® fatid Ii-f o&rhaea 
iu t^£<m
Saeolno* Produo©© gjothrooo 
gS&iiyX fclcollpl» OCOtOtO #U 
cavteas; dies: Me roduotl&it
Coccus* Fra4uo#@ tifitlimiia *v 
formate
•v** %
• Produces ©eota
oct-lmc froia eaproic, vale 
fetit;#r£^ noids
mt-t! 
le end
Hodl to oooooid twsotortos* * 
e&tteM from propioft&to
Hod s h a p e d *  I s o l a t e d  f r o  t  i 
of cattle or *Ui
i? oroa
o jbotli 
dlo&id©
tn$
‘TO^UOOS
4 *t
Barter (1936b)
Barter (1936b)
Barter ( j 9jCb)
Barter <1936b3
Barter (1956)
BmmtJ.®n (%9h7) 
solmoiies (194?)
Stedtean a M  Barter (t95fa)
Steattma and Barter (f95tl>)
.Sta&fcman cmd Bar^iir {ffSltj} 
ieiitti ©ad llm£p£,t© (193S)
tt ‘“j^ rry}-dyi^ iTiiaitwwwiriiiiiv mi'i f iwwy* jfri'i ti rw>vi'i aajES«as»<ifeastg^ i» ; l#r?*.M,ira tg t f f mn*
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i
{
grtumratiest ©tudio$ &n m^-WmnoBpnic feaoterAa h m
rmrmilmI M m t  ftieae ©r&tmiow ®ay bo present An
€ 8di gs © ter is fst mmMmm&t  10 «* 10 p®r c&* Tboo© mteifiere
compared t© tiiose found for' population©
by Taw t& n f^ t.^L i».. (1&&7 ) m s m ts t M m t rn& rZy oq im l population© 
of and nottamo^nic teateria ©re present in
ttm mmmmhl® digestiom proofs©*
Acoor&iag to Mrseii emt S|rkos ft $7* )# tls© nugibor* 
ijrpo© angt ©peclo© of .initiating; itersaontative
&mn$& are tmdoubiadljr ©©looted by tte ©nr&mamoutaA condition© 
littpcsood* Tb© isierefciiti #©aX©^r ©f ©«©& a eofspies ©yotom m  
etaoorobi© dt^rtloa is *$©t wry to sueis a totalled
study th&t wenM delineat# tb© role of the tiotorogoitmt© 
population ot a i e r o o r © m s  present. t%&y factor© Mill ©ffeot 
tte predominant spool©© pifty&eg' an active port in tlie digestion 
of laatorial tieder study including tboae ebemtsal and physioo* 
chenleal pora^ter© alraody dAscsassed#
A con©Adorable mmmnt of work lias bees ©srriod o»t 
on m w m 0  sludge© asd ilia «paii failure a M  <paatitafiim nature 
of tiii© typo of waste is well teuotmi witla tbis taovledget. 
ife© generalised eon&itioa© raay he laid cte^ n for eaeeessftil 
m.%®Btrn? function %r!x#re © substrate sueli e© asmieipal ©sra$© 
sludg© As need* Mtera little As knmrn about tbe ©oapcslllon 
and chars© f&ri&iios of m ©ubst-rst©# a iprcat deal of preliniitarr 
©xpsriaoiiftii work m e t  be carried out in order to be mbtm to 
as©@ss tbs aotloAfcy and success of a process tdias adapted for 
use.irlAb that substrata#
X& any mttompt 10 e va lu a te  t t o  nmfutmm o f  m.
. & m h  ©a tb e  ©near©bio digestion jseFeeea© to
. tto ftomtoesft a$s& a  iaMl la s t  fe rn  o f  jmieaftolly po&ltttififf 
vaote©* a tao*&«d$® of t$m mmtmrn #f tto system fm 
t©g2#tMr wlto © fesosl0d#t of tbo ktoais of erganisms prooosti* 
ftoae two toeierii all©tiM tton to fluted fey d©to*^?itoi? tbo 
biolo&ie&X aetivities #1" tto ©v£rr»isra© lit to# oyotom* This 
ssroaont reooareh attesipt© an. waxtsation of tto anaerobic 
di^ e&fcien ■psramm to £to ti^nfe^st of bovine toooal effluentcr 
tmteg1 M e  approach*
fsmlw farms n ^ e  -0e3.ee tod* o&cts toying m different 
diet tors tot* tkm ®m*B* 'Tim trn&m t #£ftoeafc ' from  those 
v m  ©#£1.00ted and itigestto tor f ®  igoote at <3if fo re s t  tMm® 
o f t&e year eosom ittlit#  to r  a  12 fsastiili p e rio d  o f  tim e*
Samples from  t to  d i^ a a t is ^  m a te ria l %mra te s te d  at %moIs ty  
tatervala tb© digestion proe&&$ and t&e test® remits
wm*m tistd to toiM a pilot' seal# pimst y&ieh operated tor 
eotrer&X taoutto  e b t lo  to #  to  sim iles? to  fto s e  used t o r  toe  
dietary «?as?wy were ©errieci out.
U d e  worfc retired the eeastmetioxi of sp©e£al 
eqoipoam t t o r  t t o  d ig e s tio n s  to  to  c a rr ie d  o u t am i a ls o  to r  
©©ms tests'to**t vm*& c©nduotedt £n partieuiar toe 
bacteriology#
i t  to imped ibafc tlaa toform&tion obtained during
<
tba ©ears© of this work is&y bo used to aoaoos tbe treatability 
#f imwixm faetfti afftoaats toon different sources by tto 
imaerobi© digestion
M A T E R I A L S A K I) M E T H O D S
<u»
‘^&rea©
Bs© matmrlmX in v  x& roeaareti p?©^rnrrt? m u
Uovin© faooai effluent frois fersse tisimif different tmdm t o r  
t to  m&oa&e* Tm&' t m m -  m*r® m®z&o$&% on  l  ^ b m i o  o f  ©4vle© 
giv&n lay the ttinletry of J^&mXtzxm- mnd !%©d «md
ware etaoma oeeordiit^  to Xoeolity ©ncl feed varloty*
•Tfo© ftma&r© ms& £®am  ©anr^er® eelliifKsraied in  tfie 
$»y inform ation the ©is© o f  th© fm*®*®.
In  te r m  o f  aemaij© artci l iw s io e f e  mMmrs ©at a ls o  tte m t h ® &  
of tmoto fcm&tssent in osis-tenc© ©a the farts* Tfc© data 
©btatasd in. 1 'is- ©urroy ©r© *nis®B©s*i©ed iit  is taM© in  the  
rosfaltii ©eot&oa* the preaaiitocl {l&f>Xe 10) in
a d d ition  to  tfeo l in,£®rmatiom ©ay |jiv© aosaa isi&ie&titm as  
to  t&© f e a s ib i l i t y  o f  ir o a ta m i oysiem s titoa atspxted to 
oetoal fere? ©itu&tiono*
QtsXXmcilosi©r emtarioi cn.i
As ^ 0^1 r a ta ly  l i  II?©* -of fra sli boviao t m c m t  fsetaria t  
wa© eelleeted front ftsa survey farms sad ©or&potit using* ©loam 
-woodten ©patule© in to  e io r il©  gia ss  e e llo a t if ii;  Jars* On rotw n, 
to  the Xo&pr&tory. (or w ith in  2b h m r s  i f  d o ley  was unawoidfibXo 
in w&ie& ©1## t&o material was veftrigor&tod) the t m ©al 
smteriaX tsi diluted 1 «10 in clo&n tif® litre tloslm$ vigorously 
©balma f w  two taimit#© and t&*&% 'mu allowed to  m t t i e
fo r  it#o irnra* A fter ih© ea t M ing poriodt t&® d ilu te d  ffcoeog 
w@© 0trained m ©loam miznt^ miCz 750 ml* of tfie eiovod
^ a to r ia l m s  ttooft tm*  the atiaereM© treatnsH t p m m m *
A fa$eal o o U e e tlo a  smmd was esrried out in ffey IffO 
sieve of mesh diameter 3 nim.
far m pilot tgaiofe wss vtmd to getgr&dn# fcte
of tls# apparatus to Is© tieetl dwiug
th© w$r&®T elso# s©ss© ifiyaicat eng
©tes&eal, neeeotfoaoate wm® m d e doric# iiie eoar#® of 
t& iio t i of the e s p ie s  prior to  tnc su rvey p ro p e r• Pmmmt 
©©tleetlo&s for tli© murrey ©eries of ©yporiBtBitsr wow curried 
out la »W«S8*5* 1970 (Sil)t taroh 1«?t (s.0>, m y  1971 <S.3>, 
senteisfse*’ 19?t fs,ft) anti fsswssB&sr Ifft Cs»5)» It was Isesp&d 
tlmt fey ©oltiryj aowplo ooiloetiol*© at various f teu§ of ife© 
yosis** eay ditjtmmmm in ©Itirry iroafasMiity fey ensemble 
d ig e s tio n  da© to  eeesosiei efe**&®e f  1 stew  d a rin g  th e  IS  
m®~iu p e rio d  covered fey 1* c m m F f
Anaer^i.© dilution ngg&emtits f«*© dfwoHfden ©onditlene 
f^bopcj pry ,f ^yfrot*ig« ftgar© 9 c'mwa obo of th© t t m k m  m m &
for ite miooroT?1o dilation procedure* Tte firis!* was of cm©
litre e&p&eify a*Mi m b  fitted wit!*, mt orratigo^Bt of tuhQw
t&roiiBli & rubber taist&» B&eh tube eoul© be itealoct fey
*r> of it teffteu ©lip on rubber tuMBi?* ffo e©,* of diluted
tm& eiov#** freer 1 retsrl&t wns off of; to tit© ftMMkm mud -t-feen tte
iute rwrnn^^tc woo firmly placed in tte tm&lz of tte fiaslt*
Mm unit was tten dusted through with cctygen free nitrogen
prior to inenhef-ion fey eloslny el ins A and ?>* attaching: m. full
lils d c lo r o f  rx iro s o ti to  ga ss in g  tube 1 and ©positing c lip s  B cmcl
0# g m  was feread through ite eyetea to displ&e© tte air fey 
#
pgnj.r!!f applying pressure to the bladder* Clip c was closed 
first at tli# end ©f the £assin& pr#eesft*r© follow#© fey ©losur© 
of ©lip B vUllst g^sing felteder wns stilt ©t incised* ihis
vzt&mmimd tte entry of air to tte nitrogen dusted 
system* Olips %*? an© u tept closed dari?s^ r tte iucufeetioii
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GASSING TUBE 2.
SAM PLE PORT.
GASSING TU BE 1. 
\
B.
GAS C O LLE C TIN G  
B ALLO O N .
F ig . 9 LABO R ATO RY ANAEROBIC DIGESTION U N IT .
periocl zmS. elip & mts left opsm for eeixeoiiosu
tfro IS ©srwisserit&X f&feg&o H&ro tlien plseed £a a 
d u a l w attr*4?m £li e^fcoss M a te d  $ 0  ? 6°c  h T  tm mm  o f  u  e t r c o i l ie w  
trait (B» Bratm tfeloongeii &inb&n^tft09?i98t&f $iiera&&is IX}*
*2 * r*^  10 rtvtnr# tMi watisr**ba£B r ^ n n w ’isnt iopthmr with m-pm 
osporltsentfil itmMmt in tits baetegroiiaii ef tfse fiiotapfa^ . a 
■fiasle in 0%% mp fer t M  ^osing presedtsro* 3$°o lnct&&tioa 
w.^0 e r ^ r ie d  o u t f o r  C m tr w eeM  o a  @aeis. m rim ®  e o i ie e t io it  0 0  
fm o & X  m ie r is X *  l^eolrly w ere ta lm a  f r o ^  th o  g ig o g fe io n
unit® &ttm* mlzzSjw th® tlmSo ecr^ ** ^  fey rotational agitation, 
nsd t&@a elastic clip A amt itftaeliipf- a Maddar full of 
ftifrefp^ £0 gftsreiag tntm 1* Ciir-e B aad B w e  than opened#
11 itro $ © &  was? fo reed , in to  th e  f lr .o l:  %?0ia!i d is p la c e d  of
ilm di&o$t£on mi^imm into a collect!?^ battle placed at tho 
rontti of tbp nnrzil® p^ri* Clip j> won tlisis closed followed hy
th e  exosioro o f  e l ip  B m id th e  o i? a a la r o f  c l ip  A . The aaw n les
trdsm ware tea tod elistaiestily and t^ r/ai^ em m Ho&XXy by the 
®othod© d a s e r iM d  is* l a t e r  e e e t le ^ r .  da# r^ ^ a ie s  sms*© spmovod 
fra m  t& a b y  in s e r t in g  a  ip a  © im ip re  a o e d ie  is ito  th e
tu b in g  fe a la a  c l i p  A . Tbm s f r is p p  «-w* fl? m  ^ ” tlip o tig h  s e v e ra l
tie ie e  brnf-mo a  ©assplo was ta lm a  f o r  a a s ly s ie *
.gfei#., aipigpjyji» f^ fcar&iory acale r©&«Xtd wore a nod in. 
d e s ig n in g : a p i lo t  0 0 a!©  f i e l d  p la n t  xdiich. was com ®true te d  n t  
Sferrist #Pod. A grietsdfeEpal College with the aid of Voice® idttltod 
o f  C&13 u *£ rd «
figure It ahows t!>© overall digester constraction 
and f inure IS ©lows tip interior of the sstmiatiiro, Bo tailed 
plm iB  p i  - th e  u n it  a re  e - t u c  od to  e iia e k  c o v e r o f  t lii®  f l - o ^ is *  
th e  d i£ je ® to r fa d  l>v t ip p in g  6 r  9 l i t r e .* -
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Figure 12 
Interior detail of pilot digester
OUTLET PORT
EWING
INLET PORT
HEADER TANK
BAFFLES
ERMOSTAT
REACTION 
CHAMBER
IMMERSION 
HEATER
quantities of w&tor and nanare (glwitig m dilution factor of Is?) 
Into the le-der tenk shown in Fig«re IS* the header tank tras 
fed with & total of approximately 60 litres of material at one • 
ti^t ik# digester being fed twice in on# wek from the Iteader 
rasfc supply*
fttia m ixture in  the header ttmte. was s tir re d  w ith  a 
wooden and the feed pipe valve (Figure 11} was opened 
el lowing eppron atoly 30 litres of effluent into the digestion 
ten!*# Ite digestion tank was heated to 35 € using a 6 lew 
immersion hocter controlled fey a thsxnaoatat (satetoreil p T 1451 
5°0 *» 50®C 4 t.5*c). ffce tank wee km m lat& tl with ribrdgSass 
material to prevent beet less and out dotm heating expensee* 
9ige$tton samples wore taken periodieeXiy from the e&mpltng 
parte end earried to the laboratory in io® tor testing* ttac 
samples were obtained by modifying the geo outlet# A els 
foot length of P W  talking; (19 mm* outside diameter with 3 uru 
wall ttdeteess) wtm attached to the gas trap tube anti the 
ground end of the tts.be was pi need timter aster in a two litre 
llpefenur flask the top of tftiieh was closed to the atmosphere 
with ao^sbserbent cotton wool* the device shewn in Figure 13 
was attached to the side arm of the flask and the digester 
gasea bubbling through the water flushed through the TJ«*tut>e 
for two to throe minute© after which time the open end of tbs 
tub© was sealed with a clip* •Use end. of the tube attached to 
the flask was closed before remove! from the flask# Tim gar 
s&grple was carried back to the laboratory in the tfc*iubo and 
saaples removed by moan© of a go® syringe througk the suba«* 
seal caps of the tMrUbo«
6 9
Figure 13
Gas sampling* device used to obtain 
gas sample from Merrist Food digester
*» ^0 urn
Physic©I mssummnfs
three different types of pliyaicall measurement v$r@ 
used duriitg' tti# eettrse o f  tbm a er ies#  T i m m
m m m m m n t ®  w m m  n et carried  ou t mi nil the samples obtained  
but the result© obtained from these sgyspies oaasi8i»ed'«ofo 
used in  eenjnsetlcm  w ith  t lsm r e s u l t s  from the ehemte&t te s ta  
to  ® m m B &  m m  p r u g m m  o f  tiie  en sem b le  d ig e st io n  p ro cess.
t o t a l. oo^Mo cgitiffimt. IMs paramo ter was ss&eimred on all the
origin&i ©ample© fro© the ' gmrali&ismry ©xf&rtraeet© In Hay 1$7® 
and else the erigtael. eompie© tehen fros and S.5*
A cleant dry porcelain, evaporating? bmstn wan weighed 
empty A) and then weighed will* faecal, materiel added
(%i0igSit B}* Ttio materiel vas than evaporated to dryness in 
an oven eet at t$5°C for four to six hours until successive 
waigtsln0•© did not differ hr more than 0.5 **• 1.0 sag# the 
result vn& calculated.as foliovs:
weight C <•» w ig h t  A 
percentage dryireight * 100
wight B «* weight A
iM M d s e r e e n in ^ te e t fo r  jsuorcmded ©elide# the em tin l and
clonalty of fcixa suspended solids present in a ©lorry effect®
the devaterahilitr of that ©lurry? a high ©nspended solid©
content f©rising' a doits© deposit on standing* will into a long
time to demter tsbsrees a low suependtad solids content of low
density will I m m  mter rapidly# A slurry of the letter
quality i© a hotter ©lorry for handling purposes# tt is
’therefore useful to- h m w  the type of slurry feeing haitdled with
resect to these two parameter© end & rapid screening test
was devised to gain seme tnfensctien as to the ament mud
density ©f suspended ©olid© present in the ©ample#
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Ail cns'plo* f m ®  mud s*5 and. &®m.®T ttm ©afspics 
tr&m tli# pilot digost©** were soroanod for ouGponOod bbXMb 
c&mmutmtUm* fta teat eesg&e was ®h&k@n vim&rmBty for 
ten, MoonAe and t&©a two drops of ih© stmpt® *o?o allowed to 
fail, frets- a Footoar pipoit© out# © ’i^ateon* &o« ff Ohroesato** 
^raplsy ©rad© ©apor from a diotonoo f ** 1 teeti Obovo th& 
fMpsv» Hi© spat© produced war© f©carded p!i#t#^ap&ieaily and 
tha tioas&ty ## tfeo spot© war© yocordatt uBtm SP-7000 ultra 
v io l a t  and v i s i b l e  © pootrop& otoi^tor a # t  a t  420 im *?iih at!
SP735 diffua© rofiootanee oceoosswy* *h0 r®m$Xt® hct& s^eerdad 
a© poreonta^o ^ofXoetcmoo*
^HalSS^SJ^SLiSaSSSSSSM* *«&> at vhich wat®p to I&et
mt mtttimn% mtorial £# an isiporteit parasotcr 3?&tch 37330$ 
ba eoMld^od in r o la t io f t  to hand!i n f  tootetquos# tlio 
4 # ¥ a t# r i i^  t i m  o f  tfi© m a te r ia is  uxidop s tu d y  was mt&aurotf its 
M l i&o samples iotaa from S*.1t -0*4 ra i S*S aad in© Initial 
and final sample© from s*3*
An. ©teal-rosi© ieotaicru# tras used far t&aso smeimretstsis 
Hi© primary filtration silt otspioyod m s  tftat d#e«crlfeodt Hy 
Bastorvilio natd Gal© Ctfdi) rnsl a special ■
apfOTatna was designed fa r recording purposes* till© foysad 
tli© on&Je&t of n eoparni© publication (Ball and s&ungors 1971* 
ooo Appendix 1 }* t&# apparatus, arrasipnoni is ©hewn In.
£lgur& 14* paeons. material tnso poured list© tlio roaenroir 
rooting m Ko* 17 Chrauantosr&p&y Grad© paper* As
tii© fUtJpnto f&east eSynncod outwards from itia reservoir It 
romeliod its© first -two oioetrod&s in  th© uppora&ot paysp®^ 
t&oolc le ft tr£^or@ii tlx© p©» r e c o rd e r  in to  o p e ra t io n  via a 
tiwr mait (Eol& and SmmMr® 1971 }* li&cui $&© filtrate frost
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reacfml t&m thirdt* outer ofeeetroctet ttie pen r e m ^ i *  was 
switches! ©£f* via'the iis*&r unit* its© resalts were
recorded la ©ooona© hy tmmm of a iitsse $3©r!c®r' eosuseofced t© 
t&© pen
ite Basmstgaaftte falii# (IW.) ^termination was
ca rr ied  out cm Btmplm From  tlia initial, p i lo t  ©2 ’■^rirasnt end 
a l l  tts© fiasnao& t«dflg«t ir#ss ill© f iv e  ©scperitrjsiit^ s e r i e s  *
I M i was ns0c! es  a ®tnn£&r& pcrm^eter feraing: mt fm a iF iic s i  
llials 02* m m m n  denossitmior tli@ %?©rk to  wMeli ©tker
© K f^im nt& i r e s u lt s  msMmd  esKtra lufcv& allon* P rotein  
& m £ y ® & ®  ond pi I I3©ft8ur©t9»at& wore performed on m  vctri©-ty* o f  
dfistpiee' in  order t© ob ta in  inform ation eoneorning changes in  
tbetw parm&stor® during th& ©outm of & digestion process* 
Cl^amato^apliic a iia i^ o c  were carried  cu t on a few samples to  
determine the presence or essen ce  o f  v o la t i l e  tatty  eteM# mid 
c e r ta in  &©©e®#
tmi-mnnapztsi. flmy. nm  % hour v .Y , cj*«twiJWtUo» fiessribefi 
in r * Hissiairy of HEmeing? end Laeml (km^zm®ftk9B book ♦Hei&eds 
of onemims! Analysis a© Applied to  ftorago m d  Wtftumnt®*
(8»H«3»0« 1.&S&) wa© used*
3te©@&ntg required, includeds
Potassium pezmnganat© solution approxim ately
SMiusi thiosulpbat© ©elution H/80,
Mint© sulphuric ®c.id I volume of concentrated. 
e o M  to 3 voluises of water*
S^fcaosiuia io d id e  s o lu tio n  10 pa . I I  in  100 ts3U 
of water *
Sodium stsroa glyeell&te solution 0*5 per cent# 
Potassium locate solution 8//*0 for standard! siji/y*
and w®s*© mndr up according to instructions in the Ministry*©
fooofe*
Tlte procedure laid dotra in the b;inis try's hook was 
f&ttmxid using- t S ©I* of emple for the determination 
depend! upon tii# rang© in mutch tlie P*T* of the of fluent 
fell* 10 ml* of dilute -eulptoPic aeicl and SO ml* of pormasir^uate
■soltifion w s  «r? cd to a ©loan 12 os* stoppored el ass bottle.
95*99 tsi* of distilled- water (daperdinc: on saiapl© a ice} was 
added to the bottle followed bp tii© sample. tsi© bottle contents 
¥®r® sailed immediately by gentl© rotation of the bottle* the 
bottle was then incubated at 27°c in a waiei^baili far- four Iso 
with resiisiiig of ike contents after one liour. After the 
four hour incubation period# tbs bottle rexnorec! from the. 
tfater**bat!ij 5 ml* of iodide solution end 2 mi. of sodium 
starefe iyXyeeXi©te solution m x m  uddod to the bottle contents 
end mixed by rotation# the mixture ra© them titrated immediately 
with fl/BO tMosulpliate solution until the blue eolarar just 
<11 sap - ra (may blueness tlmt returned after standing: was 
ignored)* A blank dntariain&tlon vras made without a sample 
addition .ami tit© tMosulplmte solution was standardised to- check 
its rosaaaXity* Xf it was not M/80 the final results were 
■ multiplied by tts© nnmiprlate cormetimi factor. Beimlta 
were calculated as follows:
(i3l* iiaioisulphaie r&c|ulred for blank ** ml* required for sample) & *
«si. sample taken 
and mtm recorded as f>*v* hours) p»p*su
*****WSV / WAF
A mo4i£^eM^m of the % t e  P*¥» tost m s  downed 
<
for nua in tfts field with the pttot aeai© difpstar; thin Imss 
f&ftaod it® o»;h/foot of ft. mpsraio pihlicaticm (Boll and 
WilMti© ifols .$£& AppmdiJS S}» ft® roa&jsnts of tfeo tssadiflod
P*¥* tmm^. wrnm- tim- mem m  dmcrifesd for’ tte % limir P*V* test 
®m©p$ that vo$r*r*8ivn iodide cryiitiiis wore n sod ins tout of a 
10 | W  cent* solution ©f iodide* ft® votmm® of
mfcor# m M .  feat penms^smit# t?mm one tenth of t&oso. in tlio 
# hour u n  immsMmtlmk took piaea m% rm m  loiaper&fure or 
cant pec&jcf iefspcf&turo for 10 ** 15 mitmt®®* Figure© 15 and 
id islaw tbs »torinlo reismirod for tte Pitta test asst the
colour ctai$e© that tnte place dttr~ the titration -procedure
wspoetlTOly*. *&© #tefp1J®J,tp of the mmd® the tost
ide-si for it-ss in * r field with natcrial© lisMis# liinh pelluttofp 
loacla* OoXoiitaiiori of the f * % *• S «T%D r^ s&s fey roferojic© to m 
standard can?© Case f pjpcndte 2) c-iM the results were presen tad
*S0 1" #V * '|i *'X'i¥i>| P*P**s*«
l!L2ESaSlE^;> ssses^nt «f the, pH range- of the slurry 
aaiaplefi war* oh ted a© cl ueinf wide range indicator papers*
content • ofltlaotioiiBu 13.1 the cetfapleo obtained from 
Hie s*4 tiftd S.5 series essperifsenfcis were estimated for protein 
content ur* tfi# ij® m r technique* Gose of the samples were 
Mtinutted using the biuret technique 1& order to check itio 
trends obtained by use. of the iowry protein eetlm&tion. Tim 
trends shown by the results -of boil* technique© wore found to 
he nisllar and it wac concluded that the l^mnty o&tissati©as 
were .giving- accurate indication© of the protein content trends.
5 «a* Hinted faecal samples were digested with 
20 *&# of 0*5*1 &odiu& hydreside* for two to three mote after
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Figure 15
Materials required for P.V. 
estimations using1 Pitts test
Figure 16
Colour changes during the 
course of titration
.time of 0*1* -0*3? 0*6 a M  0*8 el* were
©ottisated far protein content by ttxe Lowy technique*
fbe aliquots t0r§-®d§ sip to 1 m l*' i n  a M x  inch
tost tmtm- M in g  0*5' 1* m&ltm mt*$ then 5 el* of
m ^m rn t o CliWF IfSl) were @dd©d.
the ttibe content© were laisect and allowed to etand 
for tea aimtes at roots temperature» after wlileli time 0*5 isi* 
of Folia, « Oieealten reagent (Lowf t&5t) was added and mixml 
±m immM&iely m&img: a (Fleons Set ant A fie
App&r&t&s Limited}* Hie titfees war# left at roost temperature 
for 30 Kiitmtes east the dewlojsed blue colour' of the solution ■ 
m o  roast at 7&0 as. ©a a PTS %M1QAU &P600 series spectre^©to** 
it© tar using an sp^OP sample ctaaser m &  mm sr^ recorder# 
fli© protein content tbs mmptm- mm ooleuloted a
afcaadard cur?# obtained fey Masuria® tm m n feoriae oertm 
@ibttmi& eas$£e* with tit# iowrp tec&aique and correcting those 
remit ts for dilution factors iaeBrra.it durAt*# t-feo eat Asset tea*
0uoiitetiv© eotimtiosts of mtfeano
«u*d carbon dlo&lde were msde or the produeod fey a few
of t im  digestion preeeeeee of f§*5 in order to ascertain 
tfhof&er tfce ultimate breakdown products of anaerobic digestion 
war# baits# produced* Oas ©ample© were obtained from & 
digestion nnit in til© manner described in the p3E^ 3^Lons ©©et&os, 
on laboratory apparatus* 0aa sample© from the pilot digester, 
obtained in fas;-manor described in the section on field 
egjpsrotus wore also analysed*
wore analysed using a  PYS- 10% Deal coluss* 
is&tliaros^ t#r with the following general specificntiono:
Qolmmi «* - Porapftfe If
^ 15* «»
~ apfsrosimteXsr kQ®€
W?t4m Qv&mmt ~ 210 m&
*3
F l w  r&to «* fp *» 20 Mis*
A ^bb mmxplm mism of 500 pi* was- injected iato the katbmnwettw * 
tor mrnly^iu m &  result© imrm recorded !?t copying- tb© trace 
©&t&i3i©& for i&e mi ta on© ehset for
coj^arativ© purposes*
Vaiaill# f&fcty atll mimlwms isclsclin# ae©ii©t 
'propionio* buiyrie and. ito^uiyrlc aol^s war# carried out 
<m ilia pilot di^0©t#r ©e&ploo-t© Monitor - i&o progress -of ilso 
digestion i^reeess*
5 el* of ©old <Sig#ster isasple (aampt.es tMmn frmm 
thm disaster were stored is ttifees la ioo tmiii returned to 
itse laboratory} was ©eatrifuged at 2 *000 rpm* lor tea missaio© 
aiut t&e top leper rer 4eeant*d Into a 2 at* ©yrlngo attached 
to a ** 25 filter unit {qsw 025 m  wtifie* plmtn
2$ ss5. filter a 0*22t&* Itea *3U.Xtpost* filters and ea»eist«iiS 
a p p a ra tu s )* Froessar© wne a p p lie d  to  tlx© l iq u id  tr r  t§efms o f  ' 
ttee oyrlago plunger and tim filtir ^ was collected in  m 
©fsrjpXc boillo altar discording the riret 1 ml* t&e ©ample 
wan lc&pt cold hf hM,m$ placed in a feenlaer of eratslied ioo 
trntil it ,i?aa injected into & PerldLn Hmer P11 alitfle flea© 
ionisation do too tor tor analysis* The ooneral ©poolfic&tions 
for il?a a. Jp^ igi weret
column ** Itorapafc M 
' tfea^ per&ture ** 173°c 
Injector temperature ** 2tS°c 
Hl’deogen «* 19 X&ss./scj* in*
Air «* 1S in* ■
\ . nitrogen flow ro'te -'.';2*7 .
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t pi* mmMrn si m m  m m  lined mml $ tm re suits war© recsrdod is 
a aiiBiiis? msaor to the ©as analysis results*
KleretHotofEiegtli. axa%lm.t.tea
M ^ a a M a j S S M a g fe. * cabinet vs* doaiffKd and co»atructo<J for
this resesrels I© m m h  1© .easy ismig^akloa of plat© cultures 
of ©©aerobes* it was design©# to act .not osly as a ©uitur© 
sai&pftX&tioft eahidot tmi as an incutet ©r m  wall* Flour# 17 
&hm& the e^inot and iadieaten Um position of the heater 
anti Cfet unit* t£i© tm& unit (Dwarf bXoiser S^ O-y* L* rYr*c 
(Fens) Mini ted) eii^miates a altrofosi « d  irydrcccn *r£ -‘©sphere 
tl^ ©si#i: a i50sk of- J^goiixard *l3f eataiytt Industries
liiaitad) and a© e£*soiui# filter uni* Limited)* tills
prooess enabled the ©ontiimmss el* a of the nitrogen 
hydrogen eteaos^tcro mud rasmral of ascypm fr« this ©itsospSisF©. 
Itofifc &&ciwts of catalyst were alar hept tos^thor with ©out© 
silica in a feeMssr is t&a air leclci these allowed dryish 
of the atDao.r.4ere said catalytic redoc tic,; of any wlticft
might be present isi the aiisospber© of the air look* Plates of 
agar is^scrparatinc difforest 2a indicators (feonsyl and miliTt
1 Vxfi©Xf\prrs* %*c ju* green end methyl reel ) were used to aseertaia 
the d&ggra- of m m r o & i m i ®  obtained. It was found that the 
XOrel of ans^roMesie obtained was capable of cotter ting 
Jsrnii grate to colourless.
T m  or ttee® poitado of silica gal- wberfe ©iso placed in ©outminers 
lit the to p ’ewst the formatien of coy oen&cmB&tlQn
on the ©leer W O  walls of tho calsirat* A t&<mscwt&tic&lly 
eontr©il©£i boater unit (Accurc&i • Limited) saaintainod a constant 
isicabsities temperature of 35°C? the ir*^^ ,. ©re was eheefted 
daily foy »aa© of thermos tors fsinecd in 'different parts of 
1 BwDim .
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tli® oalsiiaei* 13s® ©mjimt m ©  ifunslatiNt eith p&tyntrmm 
hzmtm£i bimlbowd t® prevent iak&t %®mm* Hi®
cabinet proper wue asi iaolfstor (Ttfm XssduS'triisl M  silted) of 
0*020* pres® pelislsed P¥C with a timr of double ihicfetda® 
®#022® Mack ITS* A# sti|tpli®4 it was fitted with a 15 inch 
disssotc# entry port* tore® air. inlets uad two pair© of 
exeevoo tiiV: rigid m  ffm to wfeicii glows wer® attacked
(il* S* llsrekra ©st€ Cos^By Limited)* A ©trip light m s  
Cltunfed along til® length of ike. chipboard that the
roof of the leeaXetloii atrL.e*w«s# a paretms air look 
(Kialisrc! Salesrnn Lisiitcd) wan fitted tfiife as t e f  .sad outer 
door aeomrod by remss of wltiif tmts* * rlosi tubing eeaaeetect 
tr > v I^mq on l;©p of the air took to ire nitrogen and hydrogen 
g®y§ e&LMtere * Another w l w  on. top of ike air look trsig 
eonisooiott to a t tru ptssp#
Bscs&toI of smf oriels froist the eo&ts&t iiweirml 
plxclup thru in til® air lodr* the inner doer tfsa fitted 
eoetirrXy end iiie oitfor duor rmored fsrt tkt onterial© iefeea. 
Qra«i f&e ale look# lii® smteriaie t# 5© la the esfeitstt war® 
placed in tli© air look* its® outer * - % fervrcly fitted, mid 
ill® air look m s  than ereeisotcd* %ma then allow©!!
inf® Co i r look t® react together with- ike catalyst to 
roaoy® any trace© of orygen, iMe procedure m s  repeated and. 
■tticm the- in n e r  floor m e  rostgved and th e  m a te r ia l#  tak en  I ti ie  
the- eskleei*
ffmee loop® iiselated fret;* the stain doe trie ity 
attjag&y Ipr a Iiiidi cur&mt tranoforwr (8 wli% 10 mnpe) 
l^ eridecl the ios&iso for auhettitoriug orgnaian®.
Xe0 l.o tlfm  .jpT,, ,ppye-:...eelLte t^ ® * Abort 0*5 e* o f  u n d ilu te d  tm m
i r m t sarvojr wae mitmm «lt& h m%* of
<tunri«jr strength M m ^ t b  m®Xu%t®n with a r>prinlet #*25 «&* .-of 
■this miMmsM %m® injected tteeugsU the rubber seal into 
e&eh-of tiro FSeCertsiey bottles #f prGvieaely &±®nma end «oe*« * 
Bober fee * eeeked ©gat £?Ofeima {southern Croup laboratory)* hy 
lianas o? s I iiyritige* I2s£ ineetsXated iroelin were th&n 
incubnfctf at' 37^1 for feea? iSmy# after tdiieti tiaae..they eere 
reeteved to the' enserobic cabinet* Ti^ o ssised culture of 
OTCjaitienis present in the cooled &&&£ e^die subcultured
i
to pi&tee of reis^reoci clostridial aynr containing f per
o
cent* liver d;l;;eei;*“ .anC S per cent* .of sterile dlfibrinatect 
horse blood-'* * 3 ncish&tfoa of the culture* teals plm&e fit the
cabinet for mvpn. derm. which tits© isolated colonies
wore pitied off for farther msfeey&ture to m*? plates of the 
rich ctyr? already deeeriitKl*
Bscoalriri *hi These isolates* that were obtained in
pure crftiiro r#sf@ exes&ined for colors cTu*rrw?tcriettce i*e# 
celaur* shape# eonsistoner and. sir<M • iBoJtnt.es wro then 
st&tised hr fee Orast prooedto^ cshI hits a m  reaction of the
orgnnioas t*nn noted togottior t?it!i the cr&nnl«2si3*® raafe^ologto&X
eharac tori® i ies *
1110 dilution of frech faeces frors the oiirvey f&ms was sss&e 
with distilled rater in the laboratory «us& tlio ssi&ttire vis 
d ifs p o re e -d  im  15 «  SO s i *  q u a n t i t i e s  i n t o  ^ C a r t m y  b o t t l e s  
with, perforated ears coaled with o rubber dice* Tfte bottler
1 ** Oroid code no* Os!5t
2 ** Orptd code sto* 1.27
3 •* osald-codo no* S350
of ditetpst fcos. w r ©  them ©teamed with loosened caps for 
one hmtr per day of four consecutive days* On the Fotsrfcii 
day* after stca^iuy* ■ the caps were tigtiton&d end ftie bottle© 
were isrssvod in ©old wator for rapid coaling* Hiie treatmen 
was prc-surssd to leesr© tfee isedittsi deaereted and sterile*. The 
sterile diluted fmMcm. 1 rm&lws was telsen into tbs cabinet and 
■inoculated with pure - cultures of or^nnisss isolated from .the 
fresh feeoee of tee m&m term wing the else trie loop! Hie 
inoculated faooal »edMia w&m- rcmm?ml from the cabinet after 
. tiglitosi-np of the cops and incubation tools place at TO^C for 
four daps after which tiaa the seeding! teas examined for the 
presence of acetic* propionic* butyric ©r iee«*btttyrie- acids* 
The space ahere the isediuis was examined for traces of sstliana 
one! carbon dioxide m%4 the pH of the esedium ves tasted using 
wide Tcngc pE' indicator papers* The dew&terafeili iy of. the 
iridium and tlia rapid screening test tor suspended solids 
were also ^~surod*
Further shod .+ Xn sotsc eases two or three d;f the pur© 
■isolates leara Inoculated together into the sterile diluted 
faecal medium and the effect of the uosiiination of orgtmlssiis 
was exomined with reference to acid production* pH* ga& 
production and dewatembllity• 
jSursanrv of teste-.
Table 8 £ivos a ©ussgisry of the chemical and 
physical tests carried cat mid to which particular samples 
in the pilot surrey* surrey proper and plxot digester 
experiments they were applied*
\rmt® s
$ m &  .
aorios so*
ssanpXe* Total 
sol M s
taring
fcim
Pilot
S.1
H&vdi^ &f--* t9?0
m re h 197*
3^y 1971
S# %
Septesa&ar' 1971
s#5
IftjimKj&er 1971
Pilot di€©ai®r
r
0
1
0
I
*3
3
k
p
§s
1
Z
3
*!
0
1
2
3
%
p
0
1
B
*jp,
4,
4
4
4
4
4
4
4
4
4
4
4
4*
4*
4
4
4
4,
4
4*
4
Particular!tf
i^-iod out; #n ea-smie©
P.V .
Ii hour Pitts
ffiaoaf t-a—wrHbwh
4
4
4.
if*
4
-4.
* Hi© mkt&im fo r t&© p ilo t t&nt tmd ®xp@pimmt& s*t *» s.5
P siasr frreee
0 PHutOcl X’H'f
B BBmplQ frasi pilot
T Ssaple from secondary tunic #T pilot digester
1 «* k ■ Bitii.ted * w  fmo&® for 1* 2f 1 smd 4 waeics s*o0&i»&i
4-
4
4-
4
4
4
4
4*
•f
4
4
4
4-
4
4
4.
4
4
4
4
4
4*
4*
4
4
4
4
4
Protein 0a@
4
4
4
4
4-
4
*%'
4
4
4 ,
4 4
4 4
4 4
Volatile 
fatty gelds
4*
4
4
4
+
tbm tost® carried out on. sa.spies for all 12 fteras
Mialy
% w. m if h t &
I lia  ttmm  i r i e i t e d  i n  ife© 's u r v e y  w e re  c i ie s e a  ©s t h e  baa$* 
•Tla© ffUiietsy of igrienl tare F4eheri.ee end Food advised its© antiss# 
fm tm  t ego the** with the feeds used fey the fcrcio* ;•
itehlc- 9JUSmuj* wi im i ii iwwfw ^iOTr
fans code “era
3
4
5
6
a
10
11
12
rSsmoF Farisj 
Goiidferd
Bedmmxt Hsner ®&£m+ 
ilent ctm%&&n
Jury F&r*a*
Test Horsier .
Hound tree fteis#
Vest tlareiey
Tfn|icr ftaasstttd* Pars* 
esl Sfereley
tedrwell fens*
Gosialsiiiig
Bury S t*  A ae te n 'e  Wmm& l i d *  
Porafeam
B&jmarde Per Is Estate * 
Cranleigh
&urfoid i .T* JJ..&. Far©f 
'Dansfotcl
Uumh&X&m Farm*
Plaistesr
Be&ellttnd Per©*
Easleisers
jsosae farts*
Soleey
Self .f#®<
t-Tsiid f$d 
ecwioer4r*
self f #»-
a>- locality and. the type of feed given to the oat tie, 
/'-.' lit© ftea choice .end Tefelo 9 liete the co-operating
Feed
w>w»a;i4^ >wr-«ajg»*3^  ^ frmrwtx*** >i
liar- I f&treniretes
se lf mm
S f f v ^ r t  I " 41 li.^35 . -t ~ f »_
:g©r© If-TA 
Bilt&m% r
mr:h 4Ka 
cutonx M
Hay tMti j 
liay a~iti 
self l^ «s
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An initial survey wias carried out in which. farmers mid 
farm imiiisgers collaborated by giving information eosioeraiss# 
stock misbsriSf l&stdfscrc&gc and. Icutd. us-^i also information 
was obtaimed concerning- the present disposal. system and the 
cost© associated with, tbs disposal ■system* . l&is information is 
ettasaarieet! in Table 10*
M l  ill© fanss isrrciired in tat aurvcy vcsjpe its the
CMitdford area with the ©iseejsiicn of Bsssa farm in Seises* ihe 
|n:ms£isitr of ' tm 'fmrmm to the laboratory enabled the eutheff . to 
coiXeet a complete set of et&taples within 4S hours and set up 
the digestion flasks all at one- time# hence ssnrples did not 
have to bo stored for a period louder than 24 liours*
The information given in Tnht# f which t o© given by
the Ministry of Agriculture Fisheries and rood suggests that 
farms 1*5 &n& 11 had the ssstss feed* that is# self .feed silage 
end graine ancl eoueentrstes* also farms ■% tmd 9 had the ecssse 
feeds hay mmI eenceutratee* Use i:nferotics* provided by the .' 
temmr hlmmlf which lie'gives. ia Tnble IS however chews that 
farms 4 hag 9 have - in fact different feeds and farms 1 f '5 aad
11 also differ in their feed© altbcugh the basic diet of
ailege end famine regained the eesse* All of the other forms 
iii the survey heel different feeds for the dairy cattle •
TteMe 10 shows that 11 of the farms had irieaifm 
stock# fern tCl had Guernsey eova end fars 3 had momo AyresMro 
cows as well as Friesian Mock# farse 7 and S were the 
largest f&ras in turfe# ‘ ot land acreage but farm 12 had the 
greatest number of stock* Ftor&s 9 and 11 were the smallest 
in land, rereage end farm 9 also had the least rsrsber of slack»-
T&Ms$rjP.
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f>el£ feed silaip#  
fans ^ Jb&t dairy 
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BttfF?©# IiClF# 
ZircuerB* grains
filryp$t Isay# 
ees£*©imd cals©
0ero yrr.30 * grains 
eorseenirnioe
fi&yl'X^S * ©&&»« ■
sms foci issrley
flay* iton&enir&tfca # 
'boot* Brewers*
IpfaitMt 
SiX©@©#.cote
Self £'ecti alias© 
©ml stains
Bern arase vi til
fUffSjIC f t?£\S.ZG
&% t?x?^  f praf
D-ispe**** syeiet! -and estimated 
eostsi a©a©n£at#€ iritta. diepseal
D ej.tj@  Oprea#e#S ttaed ©nc© per TOST* -edst 
a p p r 0 s £ ^ t ^ i f ‘ psr © o w
two ts^aetom anti n loaaar*# t&ff©© » n  
$m  no estimated eost
f©r cliRpsssl Isnt ^rsotor e©©t U1 #300 w £ M i  
f*£w yoar l£f# estimation -• ® i  east 5 0 p  
p&r hvitsr
I^agcoai* ooetlTtF nppro?c£siatel.y £4#000 m s e d  
fo r  estate o f t^ iroe farms« 0ao man witli 
tra s to r ^ f r r ^  fa l^ a  one licmr tier dor £» 
ffister to exern yard* Solids lagoe^'eoii* 
etruoted Inte 1^70 m m ttn g  
£1 #50O* Coble capacity eppro^isatelr 
130*000 ea* ft* ^^ rlrin# c!epfcf& of % ft»
Sam lfs@oon.sr ,nm farm 3 e© part of ©«© 
#0tata
Oaa ®&n mad tractor acrapos yard fm tr to 
i*iv© tisaee p@r winter
Storage pit* Sltirry m p r  rossoraa frosi 
pit and r-•< :J cr«spr#aiar iiatuS an land* Oast 
£2 per c?ey* dry per tre ^alca in 
winter* iVleo only I>^- eu^ cser
Wmi tmso&n m r^ in c 220 aows# sire fSOt x 
240* k 8* fr^ rtcfjr* deptii of oppro^icsatelF 
£l ftoo for exeavetien# ramp and feme© epst
Unily ®preo.din@* An tana ©prendisw • fcctoo 
fm»r suta wit& troeter© end ana drat
Front loader tlirea boor© par ^oek* tiro 
®  wilii tmofcar© one week per year
11*000 galiati pit ttea«lf esptled four tisse© 
par wlnLtei*#. coat £3 per load#' total £80 - 
C100 yoar*
X«ro© lagoons* two lic|tii«l* aaa: solicf^ Ttelsi 
eleoref c1aiiyf ti^o beure por day lit win tor 
15 aalmtes per iri ©ttriner
blurry 0£*I0iaf area dKig opt ©me .per year* 
Cost to clean, ytrdo anil alcas' lagoon 
approx Imtely £3 *500 per %mB%*
ftesm 11 feM £&&& tiian. on® of laial per ®&w wheromB fm*nm 
1P f f ft 8 and 10 bad mpproMlmntnly two sores per cw? the 
latter &ercs>*e .per cow is a otMtaoctly' rceogttiaec! ©took slieoatieti 
to larnl#
Disposal systems ia. operaiieB on ilta at the
tiss o f tli© mkrv&y ratted from ctireei spreading to t£& iimd to 
eor® or less elaborate Xsgooa my&tr * * Direct apras«t£n_f of 
dung or blurry to tbs land Incurred mryta^ coats batmen ££ 
and £k p e r cew par year as altoim under farms- 1, 2* € f 10 and 
12 im i'able- 10g also# levees* #yatas:a described under fdrsse 3 
and. 4# 7 ami 11 varied aoasiiSerslily in a eats depend ini* on the 
m y  is wbieli th&y worn mod* flj© infer ’"’•tiosti @©i$te& in, this 
m r m y  t©jj*©ther wifb the respite of fixe series of esporicjonts 
eondufttod oss samples from tli© survey far^e m y  enable prodiotions 
to hm wmdB Q®ms®r®in^ tha treatability of a particular type of 
slurry*
Pilo$ €f'mmTiimnt
rermnr^naft* VMM**
f**^* d # t# m im tt# f ! r  mp& t o r r i d  out 'on nmnploB 
toSmn fixirfm.f tho emirs# of t& rm ntM tf?$n o f dilute* fsseca 1 •■ 
mteriai. frosa tit# -mxr&sy Tzmm* AM  t t e  witses oliiainact from 
the pilot leather wSifi their smmss *m&
e rro r®  msm r&e®n&5& in T#Me If* ’ fh# isiim ««& stas^ sr-ci. 
errors ffoe tMs lata.# war# tteti w&oorSmt ^ t^.phtml%f mm 
Plmwti in  P ie tro IS.
Ttm M II ■, .tit .tfflgfofotfctgC
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s -T 5 .6 1011.7 955*0 863.0 840 .0
€ f 6 l  *4 624.5 36 4 .6 518 .2 486 * 0
7 # f 8*2 800.5 946 * 1 061.0 ■81 is *0
Ij 1204*0 92O.0 1 I 23.0 887,2 981 .0
9 - 709*9 770*6 751*8 7 2 3 .S - 710*0
to 1E2S.0 1049.0 1026.0 S9&.2 567*0
f t 761 *4 659*9 774.3 732*0
12 915 .8 c?82 * 7 600.5 445 .5 7S1*0
Hess
voiu© c>4-0 * 0 sTtj .m- <r*4 vsiiO .> 882,5 / 703*9
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e r ro r 6S.1 4 3 .2 6 2 .7 52.0
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Mean Permanganate values with standard errors of 
pilot experiment against weeks of fermentation
«* 52
lli© is. 3&hl$ 11 mkm?m tu&t farm 10
$m& tte hi&hoot initial £*¥• and forsa 4 tliO lowest* Jftsra 10 
I^wewr decroooodt in p*V# by ispp?©s:is:mie:i¥ 50 par cent* w a r  
$&© I t e  formntattozi period t&erooe farsj 4 deceased Or 
0iiXr apP^iisateXy 25 $or oost*
i w  1 2 ^adad ilia torn %molc period vitli r*¥*f#
&&3&Q3* t~~~n t!i0 &9ltis& vc3L»o to4 ibrs. f «©4 with the casse 
value aiiiisdgk there %m& ms 4isweiie-a in p»V» during the four 
week pgriest* 012 ©2 the other frrias skewed a deeresee in 
P#¥* war the period although rsrixss 4# 5 mi<J 11
skgwod IneresBo© before itJOP*¥* t&ll to below the ini tied 
tmXwe* ivsrr&t 3 mwl 10 both showed stccdy docrosees ires. week 
to week or dsa £brnsu£a.tl0ii period* £?© rnmmn br Figure 1S* 
ilitiouiii riguro IS otaova- that the jnsim wlttos &t the P*¥*«s 
fell ires week to w&@k$ inspection or the raw date reveal© 
tadt In ©osio eesen itseroaeen in I VO* occurred up to t2a© fieeer 
and third. ee —  fdrsSittfetiom ha£<tv® U m  ¥■*?» rimily tell 
to fi vs&ss© &©SJ3W tiio; initial reading*
. To&oX .eolidr m m  pll were carried out
on ' £rom the survey taros to deiera&no the
&$mi& eiiaraetaristice of the material to to used in the ears-ay* 
ihe^a results ere £&ovn in table 12 tanother with tho calculated 
ssens! irsd ixfesdard e rro r £br each eat c l  re s u ite  *
ha# zmvQQiii&$»e total eoXids of faeces given In 
lahle 12 ran;;© £fro» 12*05 p©r cent# to 16.G9 per cent* liicae 
I* '•^ re# cgroo wtii*. ilio percent eg© total boXUIb figures given, 
by B,8.&,A, *TS3o), Gsldrick (1“6£}» Joffrev et id. (1965) 
ewi iliXcy (igy« ) viii.el» were. respectively 1<3.3 per cent.*
14*7 per ©eat** 15*2 per ©out* C*w «*, 1^*0 iM3r emit *  Hie tet&X 
selMs re. at ^ xe^xtationa <ti v c ©^pjrtecnisX olurrF 
itistiires {isievncl) moged frsi 0*1. per cent* to 0*44 per cent* 
nlicjwisg that iis© ©levin® preeoee reduced the totnl i§ lid s  
content bp appra&mtelsr 75 per cent*
pii oeasure»&f& of diluted £bocos' ranged from 4*4
t# y #0*
■Stotal ©diets cud pH ssoeeurerwt© 
irhn during pilot ©r^ rrk'terJ»
fatal eolide fatal solid© .pH or
Ffcra faeces &t%*T?p' diluted f m m m
5 ,- (lilO)
1 . «3*p8 0.29 4.7
2 13.15 0*29 4.4
3 12*7f 0*41 • 5.9
4 12*51 0*10 6*6
5 14*64 0.34 6,7
6 12*37 0.17 6,5
7 12.05 0.32 6.5
8 • 13*02 0*83 7 ,0
5 14*24 ■ 0*20 6 .6
ID 15*71 ■ 0.42 6,5
11 1d,sa o,46 7*0'
%2 14.66 0.39 6.4
! ^ rwi
18*84 0*32 6*67
Standard
rtirn'nr A /?*> • © *>** fj /%£i.i'd i. a* 4, w * '4 *•* <uf *• w^ v,> \.« « s^ u*
#- &&&&$ diluted I tfO followed hr ©imrizi% pri®r to ftergiei&t&t‘£&i?
«* 9 4 **■
fai^l rO-jf,-
. 'its #dide .^ aaure^nts- w©r# carried out on f&ee&X 
mmupl&m from tlio 12 grarvay tm^sm si iiio be^ lnxslzi*? of im ih. &9k 
BmS. s#5 experiments* The jne&a and standard e r m  of 'the 12 
value# obtained for each of the series wms calculated «m& are 
recorded together with the individual samples results in 
Table 13,
Tnblo,J3
Percentage total ©olid© of faecal material 
collected frost forms for 3*4 ttua s*5 axperl^mts
T'te {septei&hor 1971} fiksvorfjor *971)
t | ,
it
6
7
Cl
9
ID
value
<4 y s* '
error
* 1 *59
14*69 
14*69 
15*23 
■11 *44 
12,08  
15*40 
15*35 
12*29 
12*46 
13*50
i.j,29
-  r*. -'1  r *i j  * to
0*4l
18,79
14.45
«*, *f»*ir */VI / ♦ '/--.'
II ,s* 
■13*17 
15.09 
16*4 
11.51 
1 ? *97
?• j  * **-5
i *£ .  h2 
i -- * 2. t;-
,A f ,  ?M5 •* * - f
ani r**35 3fB9f
V*m in d iv id u a l o f  tfee s*& ®zmple® ran^e
tr®m It.44 par c<mt* to 15*40 p®r cent* and. t&© S*5 
rssija from 11*51 per cent* to If #75 par esmi* ffeo lower 
values of thm r&msPB -as*# eespsralil^  but t&c upper -rallies 
differ by 5.39 per cent* Hie wmtm value© of both seta of 
r@im3.te* that is 13*35 end tk»%7 per eamt. for £*% aiid S#5 
r&&p&et£&&ty ar© a im iis r  i©  t lie  m a n  -to te l ©o* r i va lu e  
obteimf tn Um pi let ©jepesriassmt* fcliai ia 13* ft psr cent# 
idi-icit in rerenbl© ptbii^od total solids data*
Tlio jsenn total ©elide result for tlie pilot «xsper£«s@i?t 
i*e* 13.6% par cent* is eimilor to the 8*4 result of 13.35 per 
©out* in Table 13. tisoee ire c~'— los were taken respectively 
in May 1970 mtd September 1971 and Indicate the total solids 
contortt of slurry froa cows on r ipmss diet, April ~ September 
feeixyr the period wlien the cowc era nit. out to erase* Thm S.5 
(llevorfjer 1971} result of 14«&7 per cent# snows mi increase 
of nlnost one per cent* ever tlie ©uraaor results. Although no 
definite utatoaiosi ©an bo made as to any significance In. these 
M&ultg* they aoMfaet that a winter slurry lias a higher total, 
solid# content taiaa & mmrnmr mturvy would Me ?nore liquid
duo to tli© original grass 'diet*
t..,.for_ wi *H>j^ E^_Baubfe 
Ail e staples taken dartnr? the corns of the s,4 and 
S..5 ©sperlssent© ware ecroenod for suspended solids aa described 
in Material© rad A&tlsod©* th© poroentogo reflectance of the 
apots feeing sseesurod uoinsr un $1*7000 spectrophotoi^ ctor« ttie 
result b ob f-i -ard are rocordcM i r* widen 15 aiicl 15 re spec tively 
together Ml tit He e n ltx il& fM  sjeena iuk’I standard errors of the 
data. Tre aoanr ami standard errors ore presented graphically
«* 56 *»*
in Figure 19 ssfi ».pc£s formed is the test were f&otographcd. 
€ss& a re  eiiomt i i j  figure©  20 and £1*
12 rs©aX4 be re^mimcx-ob that 0;ase as4© s^fteeteTO 
results cmd time a l&w T&Q&Xng indicating n cisrlstr @p$t 
signifies* a cfiiajitity of j^ls, a **ctl oo3*!40«
M
senlcg© reflectance results given by spots 
foroad is the screening tost for ided
coi 1 clu' ccrrieel out os series fro:* ::,4
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Weeks of' fermentation 
Figure i9
Mean percentage reflectance values with standard 
errors against weeks of fermentation for S4 and S5
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Tim p&rcents&o refXec time© remits of series fresi 
■ Isssli^ idsisl fame shoved eosssideraM© var.iai£©&* only siat@rl.al 
from faro 5 fr&m 3*5 ehe??e<£. a gradual iin&reaoe in railoet&fteo 
f^ *0m twok to ireek» the overall change beirr only tlir#© pot* 
eesii* ^1 n r  frost -all the of&er fsras frota both S#4 and S*5 
cfooved one or oven two dooroooeo in reflectance over the 
four wele f^rssistntion period* the «aaan v&X$ie& fTom both 
S#4 and $*S indioaied a deeraiiB# in reftoetsnce la the first 
i##ak of ferssont&tien followed by m utoocl? increase to a value 
ehoro tlmt at wtiieh the sasg&o started* T%ia is shovn 
®roi^sieailr‘ is Fifpara If.
Table 16 eteenpg that- the 3isetora of #ijp*tfi.canee
1st this font for the tno series of samples were i lie ••.'farms 
from wfaleii tlm seepies were tafsm ard tliii weeks of 
of the sample ♦. Although the timo of rear the srdspdU)# were 
taken k&d re? oignifleant effect cm ih© results* the inters©tioas 
between th is  jOTasseter 'and the other t m r peroi-^toro were o f  
eigttifieenee Ohewiagr that the form ©f-variation over the fear 
varied t&fymmm ftis end else# the in ;f]cli the F*V«
changed ever the weefee of fomentation ^ -ied t’ceordlngr to 
the tins© o f  yosr tluat the sample «i»b falcon.
IsaifStsrsjj:;; tiaso (seconcia} r-cr© obtain©*? for tise
i n i t i a l  fettcl f in a l  samples frora s*3  aml fo r  n i l  th© samples 
takmti steN~ the ©o=?ree of S»t, s*4 arte! 3*5* These remits 
are roeerdod in Tables 17 ansi 18. itm jsorm and standard error 
ires enleulntrb for mit at tvoire samples taken afc «@©ks
of ferseatelion 0f T# a* 3 and % far experimental series S*1t 
3*4 ana a*S aaT these are recorded in fable 18 mid ttey are
- 10.3 -
represented g ra p h ic a lly  in  Plrnxro 02 9 kn analysis at variance  
was carried out on the data given in ‘Fable 18 and tli© results 
of ite© r.naiyai© are shown in T&frla ff.
in  the result© concerning dewataring lime* a Mips 
debateri~~ fissc e*g» 1000 ©eeacds indicates that a material 
baa a xe®? davateraMiity and; a lew daw&tering tits© ©»#» 10 
saeo&fis iadle&teo that m asiterieX Isas-a high davntarability*
Table 17
Bettering tifses ($gcqiu1$) of initial 
and final. ft&ajp&e* from S*3 esgferifi&nt
farm weeks of formontsti.on
, 0 4
1 ?ts>5 EO
2 1085 ’ 165
3 425 13
4 2440 ■ 290
5 1395 . 17
6 975 50
7 725 4i3
S 380 '510
9 490 70
16 400 45
11 445 220
12 835 15
** "I D 'I **>
Dewaiorim*? tiiuG (seconds) for 
oo~ l e v  (n ? n ; t  f r o m  K #1 t 0 ,4  p - O - 3 * 5
%mte& &f fteritsmtaiion 
Series P&rss 0 1 ~- 2 3 4
1 I 1 2 6 4 1 4 7 0 2 7 38 38•■*
I • &•••• 6 0 14 14 %h 1 4
1 3 1 8 0 41 2 7 21
t 7a 4 6 0 ' MS- 4 8 . 62 &m &*■
1 . 5 3 3 0 9 1 5 3 5 35 3 0
1 S 7 0 3 0 3 0 21 30
1 7 3 3 0 1 4 1 4 14 1 4 '
1 a%o 2 5 0 1 43 -» 1.* f-r %k
1 0 1 0 0 1 8  ■ 2 7 a t 1 4
1 1 0 5 5 21 1 0 1 0 1 0
1 1'l 3 44 4 2 «*> at*J» V 2 0
1 12 4 4 5 9 0 0  ■ 01W' f *» r;-tv*^v 2 5
J&fcn v r n lu ^ 4 0 7 * 3 3 5 2 *1* 2 !,; j *“• ae 7 2 1 * 7 5
*3 ^ lm-IaC*aX*'Cl ©1■^rer 9 9 . 08 141 *95; a* V  ♦' t I. -A■*•5 * f O 3 * 7 5
4 1 2 0 2 2 9 4 2 1 7
4 2 52  i 9 1 5 1 4 5 5 1 5 2 5 5 7 0
% *'i;y 9 4 0 1 5 3 0 6 3 5 0 2 0 4 3 5
4 4 i£ /i- 2 0 0 5 3 5 1 3 0 42
4 5 m s 1 5 5 0 48-5 7 0
4 •6 Bfy 7O0 4 9 5 #•* /\ /* ' 3 7
4 ***/ 3 3 5 *\nr% 5 0 5  ■ 1 3 0
4 £L* 1 6 0 OCO 4 4 5 . im$*4 9 7 15 0 . *0 - 75 5 0 0  ' 1 6 0
% 1 0 1 1 0 4 3 5 J  f J 9 4 5 2 7
4 11 5 8 0 •fPSk 4*5s£ .ll r^ 5 5 5 4 2 0 1 0 3
4 •i *-. v **•* ? m r i i o 1 2 C0 8 0 5 6 0 2
l^ c a t v e in s 4^‘j> & • 0 0 9 2 3 * 3 :1 7 \.»v**5:J 5 6 6 . 0 9  « *
B tm m m ^ a O?'*^0 i a 9 9 . 3 6 2 S2 . f f i t I O . O f * 1 2 3 .4 8 6 3 . 0 3
5  1 2 9 3 ' 4 75 r ^ K<r 645 1 4 0
ft*? «•* 1 9 0 5 1 5 8 0 / .aV t o o *****
5  3 2 3 0 3 7 0 1 2 1 0 9 7 5 ;;0
S 4 m 6  65 1. ■? f\•t i w 2 9 5 &5
5  5  ‘ 2 2 8 0 7 6 5 7 ;i5 . 7 0 0 1 4 0
5  . 6 ■330 2 3 0 1 8 0 3 1 0 1 ■•'J
5  7 • 1 5 4 0 1 1 3 0  ■ 6 2 0 6 3 0 6 0S
5  ■ 8 5 95 1 1 9 5 4 r- -5 4 5 '■*
5  9  ■ 6 1 7 5 5 5 6 0 0 ? hi" 9 5
5  i b r. „*'-, ** H \J 1 3 5 0 3 0 0 fW
5 01 *\ f - ,-. 655 1 1 0 6 9
5 1 0 •'» ■'“? * * /**/*. •* j ;V 5- 1 A *S*"S*tr*r
? # r ^  v ^ iu c * 7 4 0  * 5 0 O 2 / .5 0 6 5 2 .5 0 .7 5 1 4 5 .1 7
;? i r i iC ^ v rv  e r r o r 2 0 9 * 9 7 1 1 9 .2 1 9 9 * /  - 1 . 1 6 If *3 « 0 9
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Figure 22
Graphs of tlie means with
standard errors oF the
dewatering times For the
S 5 experimental series S.1
S.4 and S.5
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T&e data preheated In Table 17 that at Iea®t
as far as 0*3 was Gommm&t ©lurry from farm % had the 
slowest ihliiat $«*??& tering ifee and that frans farm 10 tei 
the .fastest* Slurry irons famt 7 fiminfod trie ferrs&atfc&i-tost 
period iritli the slowest dewciteriaa: tiro mad farms i, 5 aad 
12 fiMsfeod vitSi wary t&nt deratorlftg ;o®k to r©s!c
chan&ee m fe'rCorin# tisnsa or© iliaatrated in Table IS wtitcdi 
do ate with ©xperiimrtal series 1,4 ©ad.'5* Ton sec^ac whs 
Urn s* * b* damieringr tiiae recorded and was shown by farm 
10 in ;•,«*• dfav.&terinp iiiaas between 10 sad 3-0 goccmtfs asre 
©je&ievsKi in farms 2, 3* 5* 6* 7* a-t f, 11 and 12 in S*1* farms 
■ 1 and 1-0 in Smk and. farm 12 in- s*5# A- few, as. in S*1 farms 0 
and 11 and 0*5 farms 2 end 5 £&c eentinuol inere-aee in
<d© if wbility (i#a* cfacraaae in dsmterlra; time) stereos 
pan/ .arras o*{f* 5*1 farms 1,5 mtd 12, 0*4 fnrrw 2,' 5 and 10 
and 0*5 farms 5t § and 11 showed initial elaninr (i.e. inaraas#} 
of cxtnfa *v ' timai itnt.sccie cites a anbaiantial stewing 
m final * am m  ia dcwaieriisis U  a, re rmn values ms£ 
standard errcrs -ohoim in Table 18' and figure 22 show that S*1 
eontirEU&lly decreases la dewaterinn:  ^  ^ever. fte foi.tr week
iferment&i'Xou period tdiereas 8,4 ami 0*5 Increase in the first 
week a tl'ian d&creeee rapidly to the four CH waok of 
ferssemaittiion,
1te3..o 17 indicates that tim  parasro i&Ta of sl^ifiesrice
th a t affect ih<y dewisteritig time era th® iiomber of v*©ek*s of’ 
tormn£atiou of the eewspie and the tine of year that the 
f.arpla was .taken# The farms t r m i teles the- BsmpXea were teten 
femtt 110 ** J;f leant of feet on the pattern of r e m it®  obtained* 
liawawrt itete was a eigttifioftnt interactl.0 1* between the farms
• 108 -
from Mhtch tlm  samples were taken and the tlmm of year ■ that 
the ©ample tmkmn* . T itle  iniieated th a t the for® of the
variation over the year varied between forms* &» other 
interactions between tfi.es© parameter© were of any significance 
lit the analysis*
Tli© P*Y*. dotermih&tlott was carried out on all ■ 
samples taken from  mmh o f the five series of. e&perimcnts. ' 
at© remit© are given is. Table 2Q* W m  momn end ©iandcrd 
error value© for each sot of twelve remits from every week 
of fermentation for the five series were calculated and are 
recorded in fable 20.
The ctmngee in  p*v. from week to  wmok of the 
fermentation 'period ere shown as momi P*V* against week of 
fermentation in Figure 23# also ©hows are the standard errors 
of the sees* The changes i n  P*V. during- the year at each week 
of feriwit&iiea are shown as wa n  p*v* against time of year 
in Figure 24 together with the standard error© of •-the mean#
An ©aalyeie of variance was carried out on' the data presented 
in Table 20 hid the results.are show in aaiil# 21*
A recession equation of the form. 
r » a * b ^  4 ^ h ^ ' *  *>4*2 * *
was fitted to the moon T.V* •© shown in Table 20 together with 
the other data as shewn is columns t * 2* 3 and 4 of Table 22* 
The results of the •regression analysis are- shorn in liable 2.3 
and the curves calculated ■ from .the regression equation are 
shown- together with the mean and standard error of the 
original data' in Figaro 25*
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Table 22
Bata uaoti to obtain for raw F.V.. data
>erieo ?fean p*v * valu® 1 ? -» b 5CJ for fapm6 1 - t 2  ■' • '
i wamwaiH ir^m, < ?ui
•? 757.13 1*0 1.0 0,0 0.0 0*0
1 1041*75 2*0 *0 0.0 0.0 0.0
1 636«46 3.0 '9.0 0.0 ■0.0 0.0
1 1014*00 4.0 16.0 0*0 0.0 0.0
% ' 389*17 5.0 23.0 0.0 0.0 0,0
<**■*. 9 2 0 .2 5 1.0 1 . 0 1 5 .0 2 2 5 .0 1 5 . 0
2 1 2 0 4 * 5 0 2 * 0 4 , 0 1 5 * 0 2 3 5 ,0 3 0 , 0
2 1044.29 3 . 0 9 , 0 ' 1 5 . 0 2 8 5 .0 4 5 . 0
O 1 2 3 2 .6 3 4 * 0 1 6 ,0 . 1 5 .0 8 2 5 * 0 . 0 0 . 0
2 1 1 3 0 .9 2 5 . 0 2 5 * 0 1 5 * 0 8 3 5 * 0 7 5 . 0
3 1 0 7 3 .5 0 1.0 1 .0 *> ft * w 5 7 6 * 0 - 2 4  • 0
3 1 2 3 6 .0 8 2 , 0 4.0 2 4 . 0 5 / 6 , 0 4 8 . 0
3 1 5 7 2 ,8 3 3 . 0 9 . 0 2 4 . 0 5 7 6 ,0 7 3 . 0
3 1 4 -5 6 ,0 0 4 , 0 1 6 .0 24.0 576.0 96.0
3 '9 2 5 ,6 7 5.0 2 5 . 0 2 4 , 0 5 7 6 * 0 120.0
4 7 2 2 ,4 9 1 .0 1 ,0 4 3 . 0 1 8 4 9 .0 4 3 * 0
4 1 5 3 3 .6 3 0 A 4.0 4 3 , 0 1 8 4 9 .0 8 6 . 0
4 1 4 8 7 .9 ? ' 3 . 0 9 . 0 4 3 * 0 1 8 4 9 .0 1 2 9 . 0
4 ■ ■1 0 6 7 * 5 0 4.0 1 6 , 0 ?< ^** J? * *-> 1 8 4 9 .0 1 7 2 . 0
4 5 9 9 .1 7 5 . 0 2 5 . 0 4 3 , 0 1 8 4 9 .0 2 1 5 * 0
5 ■ 9 1 0 .8 3 1 . 0 1.0 53.0 2 8 O 9 .0 53*0.
5 1 1 7 0 *4 2 2 , 0 4 * 0 5 3 * 0 2 8 0 9 . 0 1 0 6 , 0
5 8 2 5 .3 3 3 . 0 9 * 0 . 5 3 . 0 2809*0 1 5 9 * 0
5 7 6 6 ,1 7  ' **** 
• 
• O 1 6 * 0 5 8 , 0 8 8 0 9 * 0 212 .0
5 610.67 5 * 0 25*0 5 3 . 0 2809.0 2 6 5 * 0
Colusa 1- of fterisantat ion
2 square of column 1
3 wee&e from time first sample? telcou 
9 squaro of column 3
3 product of columns 1 m d  3
** 1 "12 **
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Figure 23
Graphs of the means .with 
standard errors of the 
permanganate values Tor 
the experimental series 
S.1 , S,2, S.3, S.4andS.5
- 114 -
SERIES NUMBER ( TIME 0 7  TEAR ) SER1E3 NUMBER ( TIME OF YEAR )
r
SERIES NUMBER ( TIME OF YEAR ) SERIES NUMBER ( TIME OF YEAR )
Figure 24
Graphs of means with standard 
errors of the permanganate 
value ( P.V. ) showing the 
changes in P.V. during the 
time of year at each week of 
fermentation
Series 1 November 1970
Series 2 March 1971
Series 3 May 1971
Series 4 September 1971
Series 5 November 1971
SERIES NUMBER ( TIME OF YEAR )
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Figure 25
Curves calculated from the 
regression equation shown in 
Table 23: also shown are the
means with standard errors of 
the • original permanganate 
value data in relation, to the 
calculated curve -
1 2  3 4
WEEK OF FERMENTATION
In order to determine whether ft better fitting 
regression curve could be obtained * the P.V* date presented ■ 
in Table 20 was converted to logarithms (base 10)* the means 
end standard errors of the data calculated mid on analysis 
of variance mid regression analysis carried cut in a manner 
similar to that already deaerifoed# TJio data used in the 
cmalyMs are &hown in Table C of Appendix T. • Hi© resultant _ 
regression curves were shown graphically together with the 
means and standard errors of the logarithm data. Hie logarithms 
of the P.V• data aVa slimrn in Table A of Appendix 1 and the 
means mid'standard errors of this data arc shown in Table B.
H 10 data used in the regression analysis are presented in 
Table 0 and the results of the analysis ore shown in Table B*
The curves calculated from the re/?re&sion equation are shown 
in Figure A of the same Appendix.
■ All of the P.V. assessments given in Tebl® 20 ©how 
an increase in P.V. at acme stage' in the fermentation process. 
The greatest increases oectuxed in material froer farms t end 
10 of is *3 and farm o of S.4* the values increasing in these 
a aspics li In excess of 1000 p.p.rs. Samples reaching in 
excess of 2000 p.p.m. P.V. include material. from farms 1*6*
7$ 10 arm 11 .of S.l# and farms 5* 9* 10 and 12; of S.A. Values 
for all ©liter farm samples were below 2000 p.p.m. Tho lowest 
values determined were those of farm 6 at the second week 
of fomentation and S.3 fans 10 at the fourth week of ftomxm^ 
tationf each value being 260 p.p.m. The calculated mean 
values given in Table 20 are depicted in two different way© 
in Fluor©© 23 and 24. Figure 23 shows that over the four 
week period of* fermentation for tit© first two series of
( I / *»*
experiments (which %mr® carried out dtirims the winter months) 
there were tms peefes in the P*¥et one at th© first week and 
m m  at the third week of ffenaentatioa^iii s*3 (eerri©& out in 
May 1971} a tltiyie pealc occurred at we-elc two# In S*4 
.{September 197$) the peak was advanced to week, one where it 
stayed in fkf? (kore?nher 1971) tot t3©re rapidly fell away to 
the l « r  values* The overall fall in imsis P*V* was greater 
In S#5 (300 p#p*cs*) than is 3*3 (148 p*p#i3*) and 8*4 (123 p*3>*83*)* 
Xn .the case of S.I 'and 8*2 t!s@ final F ♦¥. was actually creator 
than the initial values (by in e^aess of 203 p»p»r?»}*
Jfttsure &k do plots tho P*v* plot tad aggoinot the tins© of year 
at each week of 'fermentation .end in this case nook 1 ■ BhnwG a 
double pea&» vacke 2, 3t 4 and 5 cltoving? only gtagle peeJcs* • 
weak. 2 at S#4* rabies 3 and 4 at S.3 and teoek 5 at S.2*
Hit parasiastors of significance effectin# tho remits 
s h o w n .  in Table 21 are- the weeks of' ferry;- ..often - p t  tfie sample 
and iise tlse of year at tfMch the sample was taken-* Hxc 
interaction between those two parmjetera is also significant 
in 'its effect op tho results ehovrlms that the f *¥♦ efton'g© over 
the woalo? of fermentation war led recor* to the tit® of 
year the. aaople was taken# A 3, though? tho fersi from, which the 
saaiple w&s taken hod si© significant effect on tlx© results* 
its iateraetien with the -tisr of year the emtpx© was taken 
wmB ®icnS timmi 0!jewing that the form of variation over the 
yecr veiled totiieom- fora©* This analysis ehowa that the farsis 
frets which tlie samples were taker made re significant difference 
to the- resultr obtained* also the interaction between weeks of 
fer®s&ntetion of the aassgdLea era the farms was shown to be not 
aifpaifioanfc* fba interaction of weeks of fermentation and
-* '11 H **
tine of year that the ©©spies were te&ea *iM©& m s  sot 
significant is the analysis of variance of the dcrer&terability
data urns' of sigiilftce&e®- in the analysis of the P*¥. data*
lit# aunrea calcmlmted. fron ttm regression agnation 
' slio*m in itebia 23 a m  of tfi® paraboloid type {see Figure 25} 
and provide a reasonable fit to tlie tsssson end standard error 
data calculated tm m  the r m  P*¥* data. in. fable -20 »  Conversion 
of this ctata to lo ga rithm s, (base 10} and recalculation of the 
regression o^ ni&iien produced paraboloid curves which give a 
slightly better fit to tim tmm% ami ri^n^rc! error data* the 
fables anti Figures relating to this latter sat of eolcttlatiens 
are presented in Appendix 5. A lthough a. quadratic curve 
■provides a reasonable fit the tm»&n P*¥* data either as raw 
data or as logarithms of the x w  data*- it is possible that 
for an iEtproyed fit to the data* third or even fourth pm m r 
torms needs to be provided for the regression analysis *
•tVi '<
■ pH sioasttrojaont® (using wide rang© •-indicator papers}’ 
were carried out on various sasiples taken fross 8*2 and S*3 . 
experiExmts and on all samples talcen from S*4 and S*$ «weperiis©. 
The results are given in Tables 2h and 25 together with tim  
mean and standard errors calculated for each sat o f  12 results 
Ha# mean values of the data shown in Table 25 trero also shown 
graphically'in figure 26* An analysis of variance was carried 
m t  on tim  mm data given in  Table 25 raid the results of the 
analysis are given -in Table 26*
Hie pH of nearly all scoples noasured was at or 
near 7*0 on the alkaline side of tho pn scale* Hie tiost 
allmlinepH recorded was for slurry from  fnrm 10 of s*5 wlicr©
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Table 2h'*y< me-*****!**
Resulte o f pH mm&mxremonts on various s&mpXoo 
te-Icen from the S,2 and S.3 experimental series
Farsn Series no. and weeks of fermentation
5
7
■ ■ 8 
9 
10 
11 
12
Mean value 
'Standard error
3*2 4
7*0
7.0 
7.3 
8 *0
7.0 
8.5
5.0
7.0
7.0
7.0
5.0
.7.0' 
7»h2. 
0.16
S.3 0
7.0
7.0
7.0
5.0
7.0
7.0
7.0
7.0 
7*0
7.0
7.0 
7.17 
0*11
i.3 $
8.0
8.0
5.0
8.0 
8.0
7.0
8.0 
8*0
7.5
7.5
5.0
7.0 
7.75 
0.12
«K> 120 -
8&fm3Lt;& of pH £&&&ure*udxit& of samples tafcem 
during the course of S,4 and S. 5 e2:per.is?onfs
Series timm pH at weeks of fermentation 0 1 2 3 4
4 1 6*0 7.0 7.0 7.0 7.0
4 S.O 7.0 7.5 S.O 7*5
& 3 7.5. 8.0 7.5 ** «* / .5 8.0
k h* 8.0 ■ 6,3 7.0 . »*f A •/ *v 7.0
k 3 7.0 8.5 6.0 ■ 7.5 7.0
h 6 7.0 ■ 7.0 7.0 7.0 7.0
4 7. 7.5 8*0 8.0 8.0 7.0
4 S S.O 7.5 8,0 7*5 7.5
4 9 7.0 S.O S.O 7.0 7.0
4 10 S3 AW% V* 8*5 8,0 8*0 8.0
4 11 7.0 7.5 w * li 7.0 7.0
4 12 8.0 7.5 8,0 7.0 7.5
.si vaitse 7.58 7.58 7.71 7.38 7.29
iiidard error 0.14 0,18 0.14 0,13 0,11
5
5
5
.**•
5
5
5
5*t»(T
5
S
5
Mean value 
$tt»tt<g$r<! oi
1 7.0 7 . 0 7 . 5 8.0 8 , 5
2 7 . 5  ■ S .O 7 . 5 8,0 8 .5
1 7 * 5 8 . 5 8.5 s , 5 *'N a**o , 5
4 8.0 7 . 5 8*0 7 . 5 8.0
5 7 * 5 7 . 0 7.5 7 * 0 6 . 5
6 8.0 7 . 0 ii.O 7.0 8.0
? 8.0 7 * 5 7 . 0 7 * 3 8,0d? 7 .5 8.0 7 * 0 S .O 8,0
o ■ 7 . 0 7 * 5 7 .5 8.0 <2 K
10 9 * 0 9.0 9 . 0 8 . 5 8 . 5
11 €> A W * w 8.0 '8*0 7 * 5 8 . 5
12 7.0 8.0 6 * 0 7 * 5 8.0
7 .6 7 7 * 7 5 7.7 9 7 .7 5 8 , 2 9
TOT 0 . 17
‘nyci Hh MtSfriWrtrtw
0 .1 8  
Mli wgwmm »■«**• »ogn>»-
0.1? 0.14 0.29
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7.5
7.3
h1o 2 3
S5
7.5
Weeks of fermentation
Figure 26
Graphs of means with standard errors of pH 
measurements for experimental series S4 and'S5
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a pH of 9..0 %m& recorded at week© of f©rm©fitati©n O# 1 and 2* 
Blurry trom farm 4» S#4 dropped in ptf from 8.0 to 6.5 at week 
1 » this was tea most acid pH that any sampX© r©aok©d#
Tlie mean pH range for ail the  mvsplos measured w &
7*17 ** S.29* lli© individual, remits for ©ach fans over the 
four week feroe&ta'tion period remained fairly eonstoat 
indicating that a good buffering system wo® operative In  the  
digestion process* The memn pIf value® given - la Table 25 and 
depicted in Figure 26 ©how th a t nil of the S.^ i results were 
well within- the mean pH range end 00 mere the result© for S.S 
weeks of fermentation 0* 1» 2 &od 3* the fourth weak of. 
fterMnt&tloh result for S.5 however is at the eatress© end 
of* the scale producing a pH-rise, fror* 7*75 to 8.29 ia the 
last week of fermentation•
Them results reeos&l© those reported by other 
workers* tfeigaaidee- {^P^3) regarded the opiismm -pii for 
anaerobic digestion am between 7*0 and 8*0 and B»ts§ 0t ©1« .
{1969} noted that many ©peeios of bacteria grow trail at any 
pH value between. 6*0 and 9*0*
Hie paraiaetor© * of ©ignifieane© in those results and 
given in Table 26 are tho farms from which the ©atuples were 
takes* s M  thm fin® of year that tho samples wore taken • 
ilia numbers of uooUb of for .men ta tion had no 
significant affect on the form of tho re suits but there -was 
m significant interaction between this parameter and the time 
of y&mr that tli© sample was taken showing that the pH change 
over the wol© of fers&ntation varied according*-to the time of 
year that-the ©ample was taken, bo other interactions between, 
tb© stated parameters were of any significance on this analysis.
Protein c t:Um
dretein estimation#.? wore .cnrri<*d mii on ell samples 
fro ip. 3 .4  e.r*4 6 .5  ■ earr;rSnouts n s i vv :  £;.9n a-orry technique «• Tit# 
results are records in Table? -2?. 8?io means and standard 
errors of tixie date ware calculated o.nd are also #1van in 
Table 27 and are depleted in figure 27. An anal7sia of 
variance was carried out on the data presentee in ibis table 
and the result© are presented in T&bXc 28.
T a b le  27
desuXts ■ (mg*/mX.) of psr'eteln 
' ostitmfcione by the Lowry technique
S e r i e s  I;'n r a 0
vecdts
1
o f  fe re a -n fc & l i o n  • 
2 7 -4
' i# 1 0 .2 2 2 0 .4 5 6 0 . 3 5 4 0 . 1 1 1 0 * 2 0 2
4 O- O .S55 ■ 1 *458 2 * 3 7 5 1 .6 0 .675
k 3 ' 0 . 0 8 6 1 .3 5 4 0 .8 1 3 C .  11 0 . 8 1 1
h 4 O.SSO 0 . 5 ?  a 1 *042 0 .  ;16 0»2n?
' 4 5 0 .4 2 5 3 .2 0 9 8 .5 6 3 0 * .  21 o . t ; 6
4 6 0 .1 9 6 1 . 5 0 ’" 0 . 7 3 3 0 * 4 3 0 0 , 4 n 5
4 7 0 .2 5 0 O. 2 5 0 , 0 , 7 5 0 1 0 :0 2 0 * 4 0 0
4 a- ■ 0 . 4 0 0 1 .1 4 6 - 1 . a n 0 . 7 3 0 ' 0 , 5 5 8
4 . r O. 5 6 6 5 .1 2 5 0 . 7 2 9 0 . 5 0 0
4 10 •0.558 2 . 2 5 0 . % . 5 0 8 1 .1 6? 0 . - 7 5
4 i t ■0.480 1 .2 0 S 0 . 6 4 3 0 *  -• i 3 0 . 5 ^
' 4 12 1 . 3 2 5 3 .1 8 9 4 . 3 0 9 id  d 1 . 1 -
dean  v a lu e 0 .5 5 9 4 t .8 6 3 3 1 . 7 0 2 8 0 . 9 7 S6 0 . 5 3 / 1
S ta n d a r d  e r r  os1 ; - 0 .0 9 1 7 0 . 4 3 0 $ 0 .3 7 5 $ 0 . 2 * 2 3 0 * 0 7 3 6
5 t 0 . 7 5 0 ■£>♦642- 0 . 9 1 7 0 .6 2 5 0 . 5 6 2
5 ■ •r\ 0 .8 8 3 1 . 0 0 0 ' 1 . l a v 0 . 9 1 ? 0 . 9 3 0
5 3 0 .6 4 2 0 . 9 5 8 1 . 2 1 7 ' 1 ,6 2 5 0 . 6 6 7
5 4 1 .0 0 0 0 .5 6 7 ■ 0 . 5 6 ? 0 . 70S 0 , 5 6 7
.5 5 0 . 7 0 3 1 .0 0 0 0 .0 5 4 0 *8 5 4 0 * 3 3 3
3 6 0 . 5 6 7 0 . 7 0 s O .S O / 0 .6 8 1  ■ 0 . 0 0 0
3 7 1 .1 9 2 i . 2 3 0 1 .2 0 c 1 ,3 7 5 0 . 9 1 7
5 8 1 *063 1 . 1 0 4 1 .3 3 4 1 .0 6 2 0.7$ 3
5 ' 9 0 .8 8 3 1 .2 0 8 1 .0 6 2 ? .# 4 2 0 ,8 5 8
5 t '■ - 1 . o a > 2-. .6 7 t  * j 4 2 1 .4 3 7 1 .1 B /
5 I 1 i :■, 7 3 •; 'iI .O r , ; P . 6 "  3 0 * 6 8 0 0 . 6 6 7
3 12 0 .  8■■•*4 2 . 1 2 5 . , 0 . 3 4 2 0 .5 6 7 o .  396
Moan v a lu e - A .v.< • ■*. .' f~ ■ - 1 e l 441 0 *9 7 5 0 0 *9 6 4 8 0 .7 4 3 0
S ta n d a r d  e r r o r 0 .0 6 5 8 0 .1 4 8 1 0 .0 0 7 5 0 . 1 Cr11 0 .0 6 4 6
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Figure 27
Graph of means and standard errors of protein 
(mff/ml) for experimental series S4 and S5 ~
_ * o/i _
e x p o r irs e n te » s i m l e r  patterns rr ivo j: by t h o  remaining
seven forms f hut in order to save space, diagrams ore no.t 
included •
The highest recorded tusount of protein found present
in  a aampie ims that of farss 9# 5*4 nt the first week. of 
fermentation# this sample contained 5 #t25 mg,/ml. protein* 
fr.r-r: 12r s.a fit the -second */©ek of -fersseatation also bos e 
biph |?rotoir content# 4.389 mg./ml* Tlio trend in protein 
content for many df tbs fern slurries? rss to increase? in 
aotn eases up to the t h i r d  • week of fermentation* before final! 
dropping off# although. in ' some • cases ih& final protein content 
res higher then, the initial', content.
The means of the da t a, given. I n Table 27 and. shown 
grrphicrily in figure 27 indicate that in both series results, 
there is an increase in protein content in the first week of 
for•-sevitatie n # the increase being more marked in fj.4* and 
thereafter the results steadily decrease to & value lower than 
the initial recorded, protein amount* . '
Figures 28# 29 and 30 oUovf the cfianges in isro tein 
content for five .farmii from 8,4 and S#> erpariraents end they 
clearly indicate that an increase in protein content may 
occur u p  to tlio third s/ootc of fermentation as shown by slurry 
from fora 7, 8.4 and S.5 * form 2# 8*4 and 8* 5 cud farm 18#' 
8.4 # showed, an increase up. to the second week before declining 
and form ?1f 8.4 and 8.5* form 10, 8.4 and 8.5 and form 12,
3.5 increase In tho first week only of fermentation before 
falling off to the lower values#
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Fig. 29 CURVES SHOWING TREND IN PROTEIN CONTENT DURING 
FERMENTATION OF SAMPLES AS MEASURED BY 
THE LOWRY TECHNIQUE.
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Fig. 3 0  CURVES SHOWING TREND IN PROTEIN CONTENT DURING 
FERMENTATION OF SAMPLES AS MEASURED BY THE 
LOWRY TECHNIQUE.
This trend, to increase in  the f i r s t  weeks of 
fermentation ©g£$t reflect a build up in &icrd&iol0&ical 
population  in  favourab le  cond itions  e*g*  p le n t i fu l  n u tr ie n t  
mnpply and a  constant tem perature o f  35°C * As the nutrients 
were used up the popu lation  s ta rte d  to d e c lin e  crnd the ©y©tem 
failed lienee* the protein content weulti decrees© es biological 
notarial destroyed*
Si^Bifieant p^rmsmtors indicated Itebl© 28 include 
tlio- nnmfeer of reek© of fermentation and the farms from which 
the sasipl.es were taken* ■ The tits© of year the sample was 
taken was net a significant parameter hut its interactions 
with the other two parish tore were significant indicating 
that the ©hbnge in protein. content over the weeks of 
fenraiitation varied eceording to ‘the tl,is« of year end ole© 
the for® of variation over tho ye&r varied he tween fnrejs*
The eliatwye in protein content over the weeks of 
fo rm n to t to n  did no t vary sign! flee rstly hot ween farms*
Chromatog**© fi c ansXvsi©
Gas ■ sample© wore removed tm m  mom laboratory scale 
digesters from tho S*5 e^perl^nts in the limner described in 
K ate rie l©  and Methods end these were analysed fo r  the presence 
of methane and eurbon dioxide*
Ssssspla© analysed included gras produced fro® the 
digestion of slurry from, farms 1* !'!* 7, 9 and 71* the 
results are shown in Figure 31 *
flie first peak of each tree© was .produced by air • 
and water* the second peek was produced by methane and ik© 
third peak represent© carbon .diesride* .Although these 
roaulta ©re qualitative only* noma indication as to the
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proportion of methan© and carbon, clleslio present mzy bo 
ob ta ined  Uy empm'ltm. t lio  sample trace© to tli©  t race from tb© 
injection of a ©taadtard gas eeut&iiaiisg one per cent# methane 
and one per ooitt* carbon dioxide £a nltrogosu
Satag&ae 1 and 7 ia d io a to  £fc© presence o f  ©no to  
two par cent* emtiimm  aud. samples 3* 9 ami 11 ah w  in  g x c &b ® 
o f  two par ©oat. fsetfcana* Saitpie 3 isd ie n to s  the presence o f  
appro^iumtoiy two per cent* carbon d ioxido whereas ©maples 
t» 7? 9 and. 11 ©bow veil bolov? ©110 par cent, carbon dioxide* 
Ifieso r e s u lt s  ©bow th a t m thane cad carbon d ioxide  
were c e r ta in ly  being produced as an mmt  product to tlie 
anaerobic d ig e s t io n  p rocess« the in d ica ted  low amounts being  
due la r g e ly  to the sampling system which n e c e ssa r ily  led  to  
ibe uptake in  the syringe o f  la rg e  eium fcities o f  water vapour 
with ©fiiy sm all amounts o f  g a s.
Tzm digester constructed at Wood
Agricultural College faad described In Material.© end Hotbed© 
was used and tested In a Meilsr im m m r to the laboratory 
©cm.© dtgeetton unit© to determine whether tho type of result© 
obtained from the laboratory experiment© would bo ©imiXer in 
a pilot ©eel© field trial*
Th© d i g e s t e r  was eoraio&tcu&d i n  February 1 9 7 2  w i t h ,  
an. initial 200 litre© of water and 2 7  litres of bovine faeces $ 
at interval© ranging from one- to throe weete 45 - 50 litres 
of water and 12 * 14 litres of faeces wore fed into the 
digester in tee batches of ajmro&iemtoly 30 litre© over a 
period of three days* A total of 770 litre© of to ter end 
145 litres ©f faeces giving an apjvrenismitie 1 id faeces water 
slurry was fed into' tlis digester between February and July 
lf72* 500 units of electricity coating- 0*5p per unit -{total
£2,50} were required to hoop the- c-onteut© of the digester at 
35°C during tMs period*
VCricae 'test# w#r© carried out on ©ample© of neat 
tm ceB and diluted feeeee? dee tested were sample© from the 
digester mmd mmpt®$ frosa the primary oxidation tonic* Teets 
included total solid# estimation* permraiiyr-isate waive 
deterisltifttlens (k hour p♦¥ * and Pitta X-*¥* }* p?l tse&suresients* 
dcwat^ riiifj ttssc fi^esurerjsnt©» rapid sereoidag fcest for 
'©uepofsded eolltl©# end protein estimations* Ztem mnmpXmm were 
aamyeed for the presence ©f use thane and carbon dioxide rind 
volatile fatty acids analyse© were carried out ©a liquid 
oeiapl.©©t also* sense aerobic and eneerobio bacterial counts 
war© carried cut on various sosiples*
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iBe aeon total aolide content of faeces need enr 
the purism #f tim esperisient was 11*11 per cent* M e  vain* 
was &l&0z$Zy tmlm? the range of r&muIts recorded Cor the 
m rv o y t*e» if *%% *» 18*73 P&f cast* bat £0
the- rain# ttticsfed for Jonoa (%970) which- was in*2
cast * "Hi# mine was considered as being well within the 
ran^e of expected r#aaits quo tad by various authors# the 
tot ax r&nse feeing 1©*S (^stes fitc..gX*. 1£?0> to 30*0 per 
(Agpew and x*oehr 1$£6)*
misl# £f givee tho results far I>,V,« pH, downtaring 
•iirse* peraenta^o rofXaataaa# ©ad pro ta te  content estim ations*
I sM s lBM.
.Mean values of several esticrttana far. P*V*f 
pH, dov&tering tisse# percentage reflectance
end pro tain content for samples obtained 
llroFa the p i lo t  d ig e s te r a t  h o r r ia i heed
©amp!© %hr* Pitts
(3) ( ;>)
pH
(**’
Sectoring’
time
seconds
(3)
content
Diluted
fences 1069 1SS0 9 .0  ■ >i$m ■ HO 0*1; 2
Digeetc^r %52k 1350 8*5 *& \23 0 .7 6
Oxid&tion
tank 1131 11 ho 9*0 17 &-Q t ;ia
% ) mr^er of oanjples fros which the mean -was calculated
Jis^.&
Th© P*¥. mastired by two procedures shows a decrease 
of 700 ** 900 p*p*ra. frcni the initial wtcrial fed info
«* 136
director to the materiel tr&m tim osidatien, tank* the v®X®& 
for diluted faeces waa Mgher teats ©4.1 fcbo .readings resordefl 
in the m&vmy esporls&fttti h&emim® the dilution factor for 
pilot d ig e s te r  oasaplo. wno.ios© CsppAesimteXy 1 1$ )  thmsi th a t  
uaest fo r  the let^r&iory ©enl© « p o r i ^ i s t a  {l 510)* Til© 4eer©tt&8- 
in P*¥, of the material when clifps-tesl was? similar to th# 
overall fall in f »¥, noted in #f the survey ©ttporloeata 
0 *g* .8*1 f&rsr 11# 8*2 far® 5, 8*3 farm 8 msd 8*5 farm 8#
t i i©  pH o f  t h e  a a js p ie s  f r o s t  te e  b o £ im x & i£  t o  t i i e  e n d  
o f  th e  p ra e a s e  r e u n i f ie d  f a i r l y . c o n e  l e n t  a t  th e  l i i g k  e n d  o f  . 
it t©  ranee noted far t h e  survey 0:7OTi*g©a*te • £ *e * pH 6*5 ** 9*0* 
B e w a t o r ln R t  ±tm- a n d  n o r c e n t a ^  r a f l e c t a n o o
ilia 4©crease -In debater in-? tirae (incroa©© •in. debater* 
a b i l i t y )  -with. th e  e o r r e e p e n d in g  iss&r© #©© ' i n  p e r e o i i t a g o  
reflect©2500 vr.luo© -of the ©pots obtained. fros ilia rapid 
normntn^ - ' t o n  i  f o r  . © K o p a n d o d t  s e t  i d s  © f  t h e  © s u s p X ® ©  w a s  o f  ©  
itetelor pattern m - m m w  of the m ^ m w  results *
t h ©  ■ s a & t o r i & i  i n e r a a a l i s ^  i n  dtamtes^M&lty d u r i n g  f e r m e a t a f c i o t i  
lira! beoasiing less 4©as©.%?£t& auspesMled r~olMs.
laa^sla^aalfial
H ie . a r ip is t& X  p r o t e i n  ©otatonfc © f  the . fa ce ® ©  w as 2 * 8  
tele4locreased on dilution to 0,42 mg*/ml* but 
inareaaed- in' urn dig©#ter to 0 «y& ng^/mi# In the oxidation 
t a n k  t h e r e  m s  a  f u r t h e r  in c r e a s e  t o  1 * 1 2  m g * /m l*  T h is  
wo-uM todicnt© that with the favourable condition© supplied 
£,#© • r^ iia w a lte ©  m x & r ie a t  s o u r c e  a n d  e a r ie ta n t  35°C  te m p e rs  turo 
©nooura^oh a certain imor©©©© in the laierohial papalation of 
the blurry within ilse dimeter? wkch the d I posted material
to thm mziCation tank* f;fao rsat^ienfs tsere eiqploltQd 
feg? a fertliar r~ -o ot arpr -*ems? ism tip  ssrsM^t *&ie& 
f&s ispotoin ooattmt ife© m te rin l*
l a s ^ ^ L jgsasi?.
rxt^ ticnto gefdM« &s£ anoorobio p in t®  oeoato were 
car^ iM tl omt ss different esisjsiei- Cram the prajeet using* the 
pour if  Me faelistj^ie a*sg ?%e0oiilep egpar* fwif&cmt @ai f ) * Iho 
F&.miltB era recorded te 'fteHiio 30*
B I 4 J I
Meturt cosmos of lactose o M
sieu^Xaetose fonwitif^ or^tmliiiss pj^ scsut In  
different seeplm taken frost-ifee pilot digester
ni© Aerc-hie / &0* of lactose **o« 'f uou-Xselos©/.;:scrobic far?,Outers /  n i*  t^zmntorm /  n£l#
Psecetd
Fneccs*
Diluted 
fmc&E
Diluted1
faeces
a
aDigester'
I
ftigostw
Oxidatiau 
tank
a
Oxldutidit' 
tOSak
Aerobic
Anaerobic
Aarobie
Axseerobic
Aerobic
Anaerobic
Aerobic
Anaerobic
5 * a  x  t e r  
2.2 x I05
4*0 x 10®
5.6 x Hr 
3.0  x  103
3.8 x  10S
t.Q 51 1 o'
6 .5  x  106
3.8 x 10®
1.6 x to6
3.8 x tO4
7*1 ;i 10®
1 .9 x 10?
1.6 x 106
3 ,4  x 1<A
a peoples? essmiued ©t* duly 10th 1972 
t> Pitni^ las ©saisinad an July 12 th 1972
1 Octoici Coda Ko* €M 7b
*» % j Li **
tli# data 1st Tpht® 30 indicat# iliaf Hie
aimsrofeic digestion isnsoes© wa& highly efficient in reducing
th& of ttmtom- fm?mntars prasoni in tlio orlgritml
-faecal material which refloats the efficiency with sossc
enteric erfrnsims i o* ^  *.obf r,„coll mar be removed lay tlf
process. ttse diserepaney noted in $©s» of the counts given
tor fmo&m rmtI diluted faeces ss&y be ds© to flm presence of
vcuryifje .^$&t£tie8' of fibrous. and otter matter in ttie sxmplB^
er ~ ’ c * solid miter making up a considerable part of fix®
sample sonic! expltii.a lower counts " organisms obtained in
the diXuted ikmipies, Xsa the. bacteriological analysis of the
dilated faeeos only apjparesifl&toljr 10^ anaerobic organises wore
*7
noted? tbi# population increased to a?pro2££mieiy 2 scto* in
i 4the clin©ftor and declined in the oxidation tank to 3,4 % 10 .
dThe aerobic .population decreased frogt about 2 & 10 ' org&Mot&s 
In diluted faaoos to It/4 or#aniiK9& in tfes digester flies, 
increased is the ossiciatioit tank back to a population of oboist
10^ organisms, fais fluctuation in populations of aerobes
 ^ I#
end anaerobes * tp,&os tlmt 18^ *» I0'f of the orgsnicsis involved'
in the gresaais wore facultative axiaerabes*
IS2smS«iMiiL£2M2.
Volatile fatty acid analyses s^ ere carried out on
two occasions as described in  ana zaoihods and the ■
sastlHos ware compared to 0 standard acids wlxturo containing 
0#05 par cent* acetic and propionic acids and 0*0t per cost, 
of &m*»butyric and butyric acids, The axu*Xy»©<£ results arc 
©hewn in Fifiuroa $2 end 33* Tbo first soak of each trace
represent® water and air present in the eamio* and tbs four
anbsomieiai peaks represent acetic* propionic* lso*4mtyrlc and.
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butyric acids reapedtiv&iy* 'Th®m re m it®  are m t Qualitative 
b u t do* &ivo m m  in d ic a tio n  as to t ie  re la tiv e  amounts o f a c id * 
present is t&&. mimglas mictymd* -In both, casesf diluted fsecos 
coniMixmd mimil qucitiitio© of. acetic a?id propionic acids* 
Digester rarojer Bhmed a mtmMmmtel® increase In  quantity 
o f theee tm M s end alec taeludeef saaii amounts of iso end 
^  sonsel butyric fields* Hie aeid contest tlien decreased in the 
oxidation tank easples* Ike increase -in acids content in tee 
digester s m ij lc s suggest® tliat a #fe"wct aeM~phss© {liqaefaction 
pliaee) tas operative in the digester find beesuse the digester 
was fed with fresh materiel 'quite fraction *Xy a constant high.
■ level (0*03 ** 0*03 p e r carat*} of eeiia < rs na&nt&lned* providing 
a cons tout nutrient supply for the motlmnsijenie (gasification) 
•phase thus leading to a balanced system*
The fall-off in acids content noted in the ease of 
aaalyeee of sample© from tl^ e oxidation faith w  presumably 
.duo to volatilisation of iho acid© in toe presence of air 
coupled with. cessation of acid aomteatiaa as insmy dimeter 
cr^mieas died*
Gas ci i ~ ^
- Gliromatograpiiic analyses wore carried out os two 
occasions ea eaapl©® to&en from the dice a ter in the wmmmn
describee is Materials and Methods* the analysi® results 
arc aliens in Figures 34 and 35* The' flares show digester 
ere© sn&iy&ia results colored to standard (one per cent* 
Ksethmio aad one per cent* carbon dioxide in nitrogen). Hie 
digester gas eag&le results were obtained using a machine 
alts- "v.on of 200/10 wliich .tso&ns tart the peeks wore reduced 
by one twentieth of tMs? sirs they mould bo if iTFoaourod on ih^
~ 142
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earns *<***.£» p m  th e  s ta n d a rd  ^aaip l© * A lth o u g h  tfc© sam ple 
m lalyear m ?& etial.italive they tssdieai© the s&thftno content 
tli© aapPl© tm0 of tfee order of 40 ** 70 par confc* & M  the 
carbon £±-&xi&& ©oatent tis of tts©'order of 20 «* 30 por coat* 
tee first peak represent® water rni air pmmnt In the carpi©# 
. th e  and th e  third* eoriiess i& a s l& o *
'itxeoe figures together with the aelds analyses d&ia 
indicate that aa efficient diijeslicm. process was operative 
finse 1 :raeaeiap a gsa easiaisiirij reasonable ^imatiiies
of " e«
«» . 1 gg *“
i>aeteriological examination o f  s a m p le s  fx%om 
survey, experiments and d ig e s t e r  fw coorim enfc
Organisms isolated, from fresh faeces from the survey 
farms were cultured on a rich agar - as described in Materials 
end Methods# flurry from farm 4 was not examined hacterio- 
logically because dairy cows had been removed from this farm 
at the tine o f  these experiments* Included in the exsmlnatious 
however* was slurry from the digester project*
54 isolates wore obtained in -nil,-but some of these 
wore lost over the period of study; eventually, 42 isolates 
wore available for examination by all of the characters used 
in the study. ' *
Isolates v?ero first examinect for colony characteristics 
including colony colour, sine, consistency and shape* Any 
effect the organism had on the agar e.g. haemolysis and colour 
changes was noted* . The ability of the isolate to grow aerobically 
and ■ anaerobically was recorded and the morphological characters 
of the isolate •ti-er© also noted.
The isolates were then inoculated into, sterilised, 
diluted faeces of the saisa batch as that from which t h e y  had 
been isolated; incubated four to seven days and then any 
changes in pb» devmtoring time, percentage reflectance and 
P.V. were measured; volatile acid production and methane and 
carbon dioxide production, vorc also .measured*
•' • The bacteriological properties and changes produced 
in sterilised diluted faeces of the isolates from each of the 
eleven farms and the pilot digester experiment are tabulated 
separately in•rabies 31 to 54, there being two tables for each
■€ '- I OS
of the twelve ££?r;.!>!**&♦
.uv'ueolip 4 f Pigtms© 1 to 5 p-v-v-.* foe rouge of 
POfrpboiOflcnjL tores observed in t.Uese suolies, fnaP€> ©rgfc«i.6r*s 
shown i.n /i^ i.sros 1 .and 2 of Append!:-; i rorc Isolated in. u 
lire! loti no ry study of faecal mieroflorr; carried out during the 
s* 1 and f»d exyerisiouis and those slioon. in' gyres 3? 4 a?id 5 
were isolated curing the tiierobieioglsol e^rninntion of faoeei 
material fxovn ail the survey farms rod toe pi lor dipeoler 
ftpperipppi-* Hip figures ©Iiow -cocci# eoceoboeil.II 9 rods of 
varying el.res nm! s]5s?re ' forming rods * Sor-K* of -the micrographs
©hov; Bporo rossos e«d* figure 1  ^end rXpwue 3 '.; rod 0 rhi to- 
were? oIppp'vou in old cultures of flu? ei'yanisoo,
figure 6 in Appendix 4 shore the T - m m l t B  of ^o.p 
sieroosurii eurnolnn lions curried ewf op dilute .frees.:* material* 
dotne lynfrod idgouiny eocei ere piKnoi which Plthon/tb seen in '■ 
diluted snp.ol.oe of faeces were not.isolated in the dubisenuent 
nicrebie3..opicel exar.vim? tlon . Other stereo sc mi u' rrogrnphs 
shot; rods end ether cocci, ©ere of vlU.e.h ahm? so artifact of 
indentstion produces! during: epeoirxm urepcrntlor,
C-Oiamitar ape f ypi p
uJUMni ih.o dote reiuHol'ip to the 42 ar^ aniewss was 
converted info an accept.able faro for e eonplcr to carry 
out: a mssmtdcel ionenoniy axislysis rmxl produce c sximilnrity 
matrix lor toe dote*
fioipres given for pare on tape refi©etnnc0f Pitts test 
mm elevator 2ng floe wc?ro converted in Irronrihhrns (l>auo 10}
Cl lid the off fori .-no col cal n i of dot -ee.i fri.r and the legnri trs: 
{base 10) of lao result cbinined • Per the u tor lie uncir-Ie f ro n  the 
es.rpi thru' so d'oo in "fob ion 31* If* 3S . g d . The p-';
T«b1 e ■ fcfrqfr
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Dendrogram constructed from results, obtained after applying 
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faecal. b y . U r n  difforc-tit S i , G  eosry tor defisied /p^ ottpOc
rrnd 3one  iniorostisg d i f f e r e n c e s  are to  be  found* •
Tu© rnsn pH values of iff Arc a pi t : t end. III steed 
little or no v  *n: p  % * i m n  eoispared to tt& n ? o '" tii© sterile 
d i l u t e  fa e c a j^ & d iu m  (pH  7 * 5 ) .  Tti© « a r :  pH o f  G ro u p  StJZ I f  
■ end ila ungreuped isolates e h & m ; d  a  eliplit increase ± n  p H  c m - 
tHe original mite end ifat of Group SIIS X abawacl ©n iffcreap# 
to pH c *0* tMs being the M  ghes i pH of tho calculated eteans* 
fne irieait of derate ring tiac values for ail tts# a c  
groups and tint ixrgrouprd Isolates indicates that there was c* 
geimrcl tenHetiep for the leratoiHnf tiro l:o increase after 
' inoouTr . t i o n  of to# i001st© into to# sterile diluted faeeal 
m o x l i u n  l*o* ilia growth of the bretori© reciaeod the deiMter** 
ability m'OKum&bly by increasing the ardent of flnm particulate 
natter in suspension* Groups 1 m l  lit Phoned greater
ircroa&os in devataring tisscs tlien the other group© which 
ts iio re d  in c r e a s e s  o f  up to  o n l y  31 p e r  c e n t *  o f  th e  o r i g i n a l  
v a lu e  com pared. t o  a p p r© x im a . to i^  s i x f o l d  in c r e a s e s  ehmni b>* 
isolator in Groups Slf* I ami III*
A l l  f o u r  S i l l  g ro u p s  and  Uw  u n g ro u o e d  i s o l a t e *  
shoved roee IrerCfGSf in ‘P.V* f Croup fl,H r; snored more of -an 
increase tin!! the other groups *
T n )  p r o n p i i t  HLG X* SLQ XV a n d  i f #  un/grouped £ & © !a to e  
shored fearcfiEGS in  percentago f e ' l e e i e a a e  va lu e s  la d te n t in g  
a g rander .p roportion  o f  suspended s o l i f a  m f e r i a l  v h ie h  no 
d o u b t  c o n t r ib u t e d  t o  th e  in c r e a s e d  d e r n v e r ln g  tts H M u  T he  m oan 
increase in. per os a tap# rofleotano# m k m m .  I:i SLH II was eii#it 
and  was d ttc  t o  th e  f a c t  t h a t  th e  in c ro n & e  i n  th e  c a s e  o f  
s e v e ra l,  i e o la t e a  im s  aBtu&ed; P o r a v o ip  r e s t  o f  tb s  SLG I I
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strains shoved no taore&a© or even a decrees© 'which. ©eeoMs • 
well vitb. the reduction is clown, ter ability produced. Sl*C* XIX 
isolate© however shoved a 'mere marked increase in $&rcexit&g& 
reflectance velti© which is difficult to interpret in the l i g h t  
a? the ra th e r  marked increase la clewaterio^  tiam * 8 number 
of explanations are possible# one of t&© sere x tk e ty  be ing  
the production of extracellular m titm  by the 01,0 xxx ■ isolates • 
All of the isolates except two in SUX IX {6 and 25} 
predueed &e$ti© «©#<! but 3*C>* a proportion* generally leas 
than half* of the i isolates in each group produced propionic 
&cid« Two isolates only# {16 and J t * both ungrouped) 
produced both iso^ btityrie and butyric acid? hath of these 
I aalnteo wcr© dram jissifeive rods* iso Is to 16 bo in.-?? a strictly 
anaerobic ©isore forsicr- {i*e* a member of the genus €Xo#tridt us) 
and isolfit© 31 being .facultative* without spore®* All iso lutes 
.produced cerbost dioxide but only three isolates produced 
tm U m m i tteeee were a trains 1?* 1S and 19# all. ungreuped and
all isolated from the slurry of farm 6* Jro e trains £17 and
19) were Srajji positive cocci said strain 18 w s  a $ra?8 negative 
coceo""b&ciXXusf aXX. three shoved ft hm m rm trlic effect on the 
rich ayar and ver© fabric tly anaerobic*
X# ’■feseompyite.r analysis wore carried out on the 
coaveptioiM^I h&cteriol.o^ical cjsareotern toother with tie date 
relating to the choii^ os produced fey isolates when inoculated 
into sterilised dilute faecal meditmy it is possihX© that 
the differences observed relating t© acid end gas production 
by ©#118 of the isolate© vttbin the ©osiputer defined group©* 
i s  p a r t i c u l a r  s&XI O ro u p  X I  e n d  th e  u n g ro u p e d  i s o l a t e s  $ m ig h t  
m rv e  to  f& r l lm r split the groups« ?%r example ©ight of the
«*  ^i?"4
Gr&np XX strain produeed hath noetic ©ml propionic acid and
ten. produced eeeite acid only wlileh slight &n computation 
give rie© to a subdivision^ ifoe variaMliij? of ike urtgroupcd 
strains witli regard to tto prottuctiosi of &e©tie* propionic# 
iBQ^hui^TiM ami butyric acid and -d 00 sjethon© ealght serve 
farther to accent*iafc© that lack of efsallerity between these 
strains*
eo«o»t on atiRssariee ©f paotertiaa of t sola-to© in computer
w>
r nlee 55 s M  56 toother ciimr thm variability of 
the effect fee produced id*en pure cultures veae isioeuleted into 
sterile dilute faecal ctcdie* lie single culture could foe 
expected to produce asx effect oirmlar to ifcat ecer. in a 
naturally ferisenting slurry# it is clear frets Xafole 36 that 
a mixture of t\m or three strains r?mM foe required to produce 
ell four of the volatile fatty acids aacl methane £rne* in.even 
more iietero'pncve iaixiure pmtM prohsdily foe required to 
produce tha decreases in doimlering tias® am! p*v* an otXI aa 
the acid arcl g&s production wMefo result together during the 
naturel otmoroh-ic digestion process* 
forester analvole of tot?? forr*© of data together
f further analyst & involving both the eoitventional 
foaeterioicg'ieei eh&ra© frers results and Lb© propsrt-ieo of the 
isoleies in relation to the ©hnnges produced in 'sterilised 
dilute faerel tmd'ktm wm carried out in order to examl.no the 
effect' ob the &L<* eessputer defined groups of the additional 
infera&tior. relating to the isolates*
Figuraa 40 and kt depict the resulting SIfI dettdragrnx' 
and iaatri» end .1 'iguree 42 and 45 tie BLL deadregraa end Harris:*
si
mi
la
ri
ty
 
l
e
v
e
l
75!
80
85
95
yJPSE.Tr»fcgggSg3 ra*ttS«agB
I
1 00  ; <X  ri i u
tw.ouir,; w  :cn;
rra.“v--  f  r“TV -w 'na
* „„ ~~ ;*•< -  -■*-^--*‘«wwftw*ww*sK«sKu*»fta»wa^ 4afcss»^ ^
9 24 42 5 7 4 10 32 2 3 12 14
Code number of organism
•P f
15. . 25 26 38 41 1 6 13 34 36 27 20 21 22 28
Figure kO
Dendrogram constructed from the results obtained after 
applying the SLG- method .of analysis to the complete data
«c l V* irs^i-. * 5*m ~c^i '^ 4i3^
8 37
yxsfrt&sz&zrTgrfB&v&t
m l
... . . -•      - SS&ifV-
29 ho 11 23 33 35. 17 19
75
80
85
90
95
I J  I I
1 8■ 16 30 31 39
io 
si
mi
la
ri
ty
 
l
e
v
e
l
9 P
-P P
0
fo *d
P
•H CD
J>, -p
H 0
Pi H
Pi Pi
P B
o
P o
0-p o
<h ,P
o3p•—4
•d o
d) O p
U P
P «H 1(1JlO P •H
•H P 05
S I fn
o rH
0
Mn P
•rl 0
U
-P p
P 0
fc-i
P
>N O
-P
*H “P
P oP S
H
•rH o>0,
*r!CO
GQ
*ri *H *H *H-p U P U U In
•H d  Ctf P  P P
1h r l  r l  r l  H  'H
P 'ri *H *H *H p 
H B 6 - S B P
•H *H *rl 'H  *H rH
B W ' W W *H •h £
On ON On On IQ 
On ON ON ON „ 
O  • • • •
O ON ON ON ON O
t- co z>vo in in 
III!!
o o o o o
On CO £>V0 in
M'1M HH
H H
H hi
O O
H h!
kSM \  H ^
H H W \ H
R
H HC3  ^ ^
o o o *
o * o * *
H H : 0 0*0
O OO
0***0 
O + * 4* O
O O O O
hi H hi 9 °
O O
k X M M H  m y y v i-in  rt rt n  “ * o *
* o oo o *
jq o o * o 
H * O + O
H 
H
o o
H H HO O O OO O O H H H H H H H H H
* * + + * * o H* o O' * O O O * + o H-O * o vo
H
H
H
H
\
\
H
H o O o o
H
H
H
H
H
H
\
\ O o o * O * o T-
H
H
H
H
H
H
H
H
H
H O
H
H O
H
h i o
h i
H
H
H
H
H
H
H O o o * o O
H
H
1“
O HH O O
H
H O O o
H
h i o O O
H
H o
h i
H o H* o o
H
H
CO
cn
O O O HH
H
H O O * o o O
H
H
H
H
H
H o
H
H o +
H
H o
H
H OH
O O O O O O O o HH
H
H *
H
H O
H
H o o
H
H *
H
H * O
vn
CM
O O O O O O HH *
H
H O O
h i
H
H
H
\
\ * O O + O o
H
H
in  
\—
p O O o HrH O O * O O o
H
H
H
H
H
H
h i
H
h i
h i
H
h i * O o O
* O * * * O O .*. HH O o * O
H
H * O
H
H + O * O
CM
Y—
* * + + * * O o O O' o .+ ' + * O * HH * O *
H
H cn
* * * o O o O o o O * * * * HH o
H
h i O
H
H o HH OH
o o * * O o HH o \
H
H
H
H * O O *
H
H O + O o
H-
H
CM
cn
o o * o o o Hh i o
H
h i
h i
H
H
h i O P O O o O + * o
H
h  ;
o
r—
O' o * * o o HH o
H
H
H
H
H
H * * O O O
H
H * O o
H ! 
H i■4-
H
H
H
H O o
H
H o
h i
H o o
H
H HH o
H
H o o O * * * o
H
H
H
H
H
H
HH
h i
H
H
H o
H
H o
M
H
H
H
h i
H o O o o O * *'r o o
h i 
H i in
O O * O O o HH o
H
H
H
H O
H
H
H
h i
H
H * O O H*
H
H o
H i 
H
CM
pf-
O O O * O o h!hio
H
H
H
H O O O
H
H o O
H
H +
hi
H o O CM.
O O * O O o HH o
H
H
h i
H O
H
H
H
hi
H
H o O
H
H *
H
H o
H ; 
H On
n -h cm in o c\i oj cn cm 
OH -M' r~ cn r* r* r*
in in vo co 
OH CM cn-3*
r- T-VO n-*VO !>
r- cn cn oh
0 r- OH 00 CO 
CN{ CNJ OH CN}
in on o r cn cn 
cn on -3* r~ oh cn
v rxit:v>rst*£7*4
in  i>  ON CO NO
C n  T ~  T“  V “  V "*
O \“ On 
on cn cn
imilarity. level
ip vo J> a
oo co oo a
voOnONVO voJO- ONr< •3-On
vo,
ON
On
On;onON On00 00
;;co
I  On
ON
CP
7Sk*<wi *?<a *  i
CP
OT
00
'• ' ' ' I VT\
wreiw*r,-i^:yaria^jr-*K»??t>«f ON
ON!>• ONON
00-^t 
00
XOA0J x^ihexxuixs °L
vo
On
ON00 ‘nON00COCP00 VPco opOnCO 00 ON OnCO On
C\J
<h
(!)f*l
a
•Hfa
sU)
•rl
£cti
£&SOo
fao
u
CL),0
£3
S
CD
Po
o
P
0
-p
fa
d
P
G>
s*H
-P
PO
d
Ui
oSh
sO
ufa
p
G)
-p
o
3
u
-p
0)
£o
o
CS
ao
p
CJo
Q
ap
pl
yi
ng
' 
th
e 
SL
L 
me
th
od
 
of
 
an
al
ys
is
 
to
 
th
e 
co
mp
le
te
 
d
a
t
a
I QCv
cn
-.5
0X d-PXdQOfi•H 0X-pH 0Pi XP. Pid E0U 0
0-p 0<HXId-P
*d'O0 -PP•HCOd•H-pOO.aX0 X
i/. dr-ln•HPcdu-P Xd'0S.’dX O+1 X•H -Pu 0d.EH•ri
E X•r!mm
*ri
■p p
In X P* £•*■>_p 40 40 -p 
H ’H *H
+5
•H
Ud
H
•H
e
w
x
X
H
O
U) *H
G\ G\ G\ <3\ XI 
ON 0 \  0 \  O v  
O  • * *
O  On On On On O  
t- 00 I''M3 in in
I I 1 1 1
O O O O O
On CO t> M 3  in
& H ° *. *f
X X X  
H H H 
X X H 
H H H 
H H H X X X
B
H " u
p  p
r'H ^  W KA Un  n  nIs jArS KS \
H H H 
H H H
O O
X 
•X 
X H
* ^  H q o *
NaW*W5MSil8ll«?0«S.
SVQ T—
:n T~ cn
X
X
HH
X ^
X \
^ p
o *
* * o o
X 
H 
H H 
X H 
H H H H X
X H X H X
* H 0 0 H
X X 
X h 
H X H N
X X X
o o
:13K^ s^*!^xri56r««»a*Ksas75SSKaist.'>»N«#»sy'«-c»i^
cn cn in -i” c\] t" o  co 
cn cm cn cm cm cm cm
0 0 0
X X X QX X X
O O
X X
X X X 0 
X X X 0 o oo o
0 0 0 *
* *. o0 0 0  *
o o o ,* * * o* o* o
X X X o
X X X 0 0 0 0o o o o
0 * 00 0 0 *o oo o
* oo oX X
X 
X 
X X 
X X 
X X 
X X 
X Xx  i**
X X 
X X 
X X 
X X
* O *
X X 0 0 0 *X X
0 0 0  *o o
* o0  0.0 51
¥ O * oQ O* o o
O O *  4 * o oo o0.0 0
X ^
X
O O  Q
0 0 0  *o oo o
+. + * o  •+. *o o
X X X 
X X X O o 0 0 O -! •O
in cm co ^ cnr- o O n cn -5- M3CM t~ r- CMCM -It
\  X
ri rl *X X
X X
X X X  
X X X  
X X ‘H 
X X'X
X X
'XxX
X
X
X o
o * *
X X X
X X X'X
X X X X X X
X X X  
X X X  
X X H 
X X X  
X X X  
X X H
0 0 0
X X X 
X X X
0 0 0
o 0 0
X X X  
X X'Xx  x  xi
X X X  
X X 
X X  
X X 
X X
o o
o Q o * 
o 
o
X X 
X x
o o
X
X 0 *. * +
X
X 0 0 * *
X
X 0 0 * 0
0 0 0 XX
X
X
X
X 0 0
X
X
X
X
X
X 0 * 0
X
X
0 0 0 XX
X
X
0 4 * 0 0
X X X X
X kJ X X X
X
X >|c 0
X
X 0
X
X 0 0
X
X 0
X
X 0 0 0 *
X
X
X
X * 0 0
. X 
. X
X
X 0 0 0
0 0 *
X
X 0
X
X 0 * 0 0
X
x 0 0 0 0
X
X
X
H 0 0
X
X
0 XX
X
X
X
X 0
X
X
X
X 0 0
X
X
0 XX 0 *
X
X
0 0 0 0
0 0 0 * *
0 0 O' *■
0 0 * 4- *
0 * ;"+ + *
* 0 0 0 0
* XX 0 * .*
0 XX 0 *; 0
0 IXX
X
;x 0 0
0 0 0 0 0
0 0 * ■* 0
* 0 0 0 XX
0 *. * * XX
* * * p
*• * * 0
0 * * * •>♦<
00 X' M3 
. cn cn
cm o  -3- cn 
cn r-'
cm vo in
CM
CM ON -it in X- T- On On t> -00 o  
-if cm r- cn .t- t— t— cn
139
St0 sortlnr of tlici complete- data. Pigur© 40 shows rearer 
Isolate a grouped at the 90 por c t s n U  S level tlum In the S'LCI- 
©n&lyeis el* the data rotating- to the conventional. bactorio~ 
logical characters of the isolates* tool a too 9 # 24 and 42 
arid isolates 39 and '36,. trhich cecv? together at the 100 r?or 
cool. o level in the previous . analysis* are now strom grouped
at -the 95 par cant• s level •
Appj ring the prlnoipiofi already do scribed (see 
172) tan 35 per coat. 5 1 m m l  vaa ehasnn for' definite group®, 
ttiree appear; Group Girl 1 coTiieiniug 13 isolate©« Group SIX% XI# 
11 isolates and Group ssmj XIX# two isolates; 11 strains *?are 
ungroup&d*
As already noted (see |>ag@ 183) the data ^iven in 
Table 56 suggested that Group 300 11 and the ungrouped ieolatoe 
of the previous analysis might be split up An sea© w y  vhim 
the complete data %ms analysed* Gotsparlsos or Figure 40 with 
Figure ' 35 (OLO doadrofTram based on bacteriological date alone} 
B b m - m  tiitt isolates In Group SLS 11 of the forasor analysis 
have largely .been split between the m r  Groups t  and II? the 
new Croup X at. so. contains all isolates -tT&m Groups SLO- XXX 
m v X  S I M  XT of the previous analysis# X&If of the in^grouped - 
isolates eh-nm In Figure 36 also apnear wugrauped in Figure 40# 
the other luilf being split be two a Groups slg XI' end STM XII*
Of th.o 30 isolates grouped at the 90 per emit* B 
level in th@ previous analysis* 23 are shown in 'figure 40 an 
being grouped at the etiosen 35 per cent, 3 level* Feur isolates 
link with the remainder only at the 75 per cent. 3 level in 
tlrio analysis 1 these include isolate 39# the mily one excluded 
from greuaixitl until the 70 per cent* S level, in FI#psr© Xu*
rigm-e k% * a antris# provides o. rare eospretiensiv® 
view of the copulate dote* ©gain analysed by the SIX esothod«
It add© little to the i&forrncvfcicn given by the dendrogram* 
bii|; verifies tlse four groups at or above the 90 per cent*
3 level r.rd clarifies the percentage leva 1 of relationships 
between orpanissis, Groups SLO 1 and fX0 IX in ike .cferdrogreat 
appear as two recognisable blocks in tfce matrix* the relation-* 
ship of osie isolate to another within ins blocks varying 
between 50- cnxi 95 per cent*
fix .sortliifp of tho eootpl.#to...elate* Pie reunite of the previciiu 
eoctpatatioaa {bacteriological data alone) lied indicated ttmt-- 
the 31X sorting ware to be preferred. to those .of the SIX 
method? however, - since a computer pri?i£~out of the SIX groupings 
was to hand for the present date it was thought varthv'MIo to 
opaajiM it briefly*
Bin demtregrcmr and matrix# figures 42 and %3# 
relating to tie SLL analysis of the c m  Xtie data» atumldl tie 
looked at together with Figures 40 miA kt {CLG)# the four 
groups of 5 ^l^xcc distiiiisulshed at or shove the 90 per cent* 
s level ia tela m M  demlrogra© (9^24-42 j &«1€u»32$ 3k***$6~>Z?t 
20«*g?«*22**3B) ere also shewn in the SIX dendrogran. Hie 
05 pox* cent* 5 level• shows differences from the H X  anelyeiis* 
having eiit groups of isolates instead of three given by the 
SIX mmAy&±.G* Only ere of the groups corresponded in the two 
analyses, ncseXy SIX III and SIX VI {strains 1? end 19}*
Group SIX 1 (18 isolates) was divided £0 forts 
SIX III Cs isolates)# SIX If (sir isolates} and SIX V (sis: 
isolates )# Strain 1# grouped in SSI X'. ims nngraupo<! In the 
SIX mxalyaia (S4*7 per cent.} * itiO exjority of the 11 Group
*'» '191
!XG IX isolates were distributed - c*?n ShL X (four iaolaf.es} 
imd SLL II (shs Isolates) s ©train 37 being u*. \ nxs-G until, 
the 64*9 |Kif emit* S lew! in the SIX analysis* The shL 
atmly&S# also showed isolate 39 &a- dlsc-iiiilsr {?0.4 per cent.) 
to Ike other Isolates- e^ eninec! cmi ..it may fee noted that l-feia 
was one el* the . four I obi strains {1 6# 3 0 # 31 end 3 9 ) to h e  
grouped in II ?c- SL-G tmtzXyBie,
’she 7 rsairlr constructed awing the 3!X date 0iwa 
little information than the ilenclro^ rEru dr txauai* It
verifies X ^mps-at or above the 90 par cent. 8 level and. 
clarifies tin? pcrcontaife level cl rni&i.£<m&hif5S batman one 
organian and another* C^outaiugn are less clear In ihie mitrlx 
than given In tee S I M  m & t v ± x .
LX » me •« &.i»_j$ia
"d*e results given fey the ILG and the S'Ui anaxyoes 
of tfoo cosolota data reflect the he fccra{pa«;tty of th© feaetisrial 
populr- ‘c.-'- ' u-dled osk! verity that the groups cd* isolate© 
euiislsind vary eernidorafely one from another in tftolr effects 
tdaon Inoculated int# ©terilined cliitifa fame at material* They 
cileo support lt\o  vim? th a t r  fxeterope ti*  buturo  o f orgauti ~ 
would im required to produce those effects which result 
iogtnmr £r®m n natural anaerobic dlerotlon process*
-\u s-^ iL a y ? £ U .i
h nan&Q? of cxperimnts v-rer-e carried out in which 
two or throy isolates %m:m imoon&M tod together into otcriiim 
dilute feeeal tsatcrlel* dltile tfeo results- appear to be Mgfeiy 
nnoamlous» far the sake of cosipXoteaGrB they are ^-Ivmn In 
Tab!,# 57,
tho general conclusion to fed drawn from -Table- 37 in
R
O►*»
4r&
C“
C rr.•:
O P
R
ft
ft J
ft |
p «! 1* 7-r 1
I
f t
O
*
ft !
•w* 8
ft
f.»/r;r
© R:
L; ci*n
r. h
t
0 u
8
Q
p ft
R
ft0 ■r-i
■V
iv j
$ ft
w ©
ft
0 r*
R to.
C; 0-NR
4-r ft
R Pr: ft•1^. p
Q 4-JS.R£*■
'A
’e-t
& £•
I,, J"12-
© ftftr;
ft ?■*
H
t -
fe
n  
*ft ft «*■•>
ft . 
ft£
K
t '*
ft
aft
I
Pft
©
T f
f
c
IS ti
T5 ?■ .ft
y  o
r'i
c
*iH
C ,
R
ft
cftft
&
sr-r.
*: * ?-. ft" 
J *
£> C
ft ft
I5 +*
&
r. ft 
C  c
. v ,  .* ,j
R ©
i f it* ft ft* o 
."• i-;
5 t 
55
II
# *>■ ft 4-
*i *?
t it %  4* R 4* 4* * * t 4' *
4 , 4 - 4 . 4 . , 5 . A .  4 . 4 .  4 . 4 , . : .  + ,
- H  f t i l l *  t i l  *?■ 1 1 $ t 1
pi wt eife «> o *»
?««« w  «-
ON?;- *?%©•> ?*-0
r‘-v.; t-* c  ft ft ft ft
v\ *0 w\ in O  **■ ^  *n* * * * » * % #
fv K. f*. R- ,ft :
*n
n »ift ft ft
r r 
* * #
■»
«-** «nf\* Ift -if 4*
O jh #» »
v* Rl ft! *M «** f« *» **» R| P
n  ^
»  «> 
c$ cn<n 
*. *> *»
ft! n in
,e sn
*. <N
cntvi cn
#v #■ r*
i :t
I !
1 s I I 4 *  * i i t s  t i i  i $ 1 j 1
I t S !  R R  'f I l i t  | ? f  1 f 1 * 5
4 t n I 4 4 4- 4- 4- 1 ? t 4- 4- 4- 4 4 £ 1
r 4- ft 4 4 4- 4- 4- 4- ft 4* ft 4 4' 4 4 4 ft --
:.. r  o  - ' r * r  ** z  o e ?  o  c o  o  a  
cr-cc'.' ' ••*«* n r  v \  < ?  »r» c: ;R  ^  t r % - ^
I.1;- vr Rr r , . -r e* R* rr cn t* pi ■ cn r-*
f"' f** V* T~ T» S’“" *?>* ¥» f«» ?»* r- t*" T"* f“‘ ■¥*
O  m  o  sn c  o  n  n  o  o  n  c> n  c  o  c  o  c  o* 4 * # * * # * * * * ♦■** » * # **
¥"» VA /~4 *.<•% M  % 0  j * - ,  I'-H , m t-: cn ^ ^m n? f-i -m "■
€  c m  n o  m  in tv 
+  *  *  * * * * *
O R R  m  f!v- .--'■
-R"
t
C \
^  C« " "t' p *• 
«*» .
i t
-ftl
4 1'-
o  c
«» V
m
4  4* 4* 4* 4- 4'41 4* 4- 4' •#- 4* 4v 4r  ^4' 4 4* 4 4”
4- 4' ^  4- 4; 4* 4- 4- 4 4" 4 ■•!• 4- 4
Its II! ft ! . r ! H  !
t 4'|4“ 4 11 || ff fffS
C  R I R 4* § | J | i f  l i f t
';•■ »|- *?* 4- 4* 4- *r 4“ 4 4- | l i f t
4 4 , ^ -  -.!. ,j 4. A- 4. ., ,j. 4. 4
.« f-4 cN«R C-
■« *«■» <^1* fc.-i- ^  *»* »
o m o oinc * * * * * * 
0 » C* C
f  ^ ^
o  m  o i n  0 0 0 0  * * * # * * * *
f'oVS o m,st m
c ; (R in *n <n# •» » ♦ *
7"- R: m  lx- rn
* £ « % ■
0 O  O  
* * *
■’;> i.7:'.; 4R
in ST; 
*■> *» 
»n cn^ t
m  cn in c n c n m  tn «n «n n  m .  ? 4  cr
■*. t«. *-■ *>. *. *t r< *■ #. «. «- *" is ^
** *>»*»*¥<* «*» nf cn ^ <p» ¥* r*
CN « tJ
«
£R
litt g
ft
P.
*'?
Q
fr^ i
t?
5?
R?
©
K-a
#
t?
*
ft*
V'-<
©
f-5
E
€> tl
O S
fe f
I
. I
( ' I! .
I
I;
** 1 SO *•'*
eoTtJimetiun uitu XaMes 3t* 34 g 36 ******* 5% is tlmf t&© 
ic -*i&ur or pitr-a cultures vhOB inoculated Info sterile dilute 
fmooX, riadinm gives little or no prMicilsm of - rant happens ■
\faos s&L&iurcs at two or three isolates ere iBtyectuo®& into 
the £&y& luodinri* For cz pie* three erf the isolate© from 
inna © (strrinf* 2 * 3 csiid 4} produced when .yrawn
separcd.eiy but vh©n & m m f t&tm?-' £c.o&n& in ocsiiiia^ tioii *?ittx 
strain. 1 fron if-; ©ess fnrri (000 Ttl-io 40} no motbtmo vrus '
domotodt on tim etln&r tend* smth&p® vr.r. prs&iee3 on two' ■
occasions by i>3lrtara& acne of muss© crrvoneuis fa- boon ef a a 
to produce Lilians in pare c&tture (isiy&iua 2 t 4* nm! 5# 
tarn 21 Biz' » it 1 * 2 and 3 * faro? 5}* I,il;eal.0ef ri^n yrwst- 
in pure culture tuo a trains produced iao*4ji?tyrte end fnttyrie ;
acid {o train 1 farm 6; 0train 3 far 3 10} one! & fti.rtber one 
produced £cQ«43utyric &eid only (strain 4 Pars; 3|? non® of 
those produced, either acid alien yrnnn in rlisfcxros * ferea of 
idie 3C . duu *?o; »f or^miisms tested p-'o4rcoc! both isd**hutyric 
cutd In lyric noif altliotigli noas* of the corryuioiit strains bad 
been eii-ona to produce either acid trier gromi in rare culture* 
Loofiiyi st the perm®*iy* .at© wlucs r©&%&tit30 frcm 
inocuX&tioix of mixtures of otrains into niorlXe faeeol nmclixtm 
tJuoro -s##® to Ira no regular r elntlor.ship- rita vho P l l b  
$p«M&»eo<l by puna cultures; in 13 iubnocc tin i *1% uradueef 
by th ii u t^ t& vo van creator tbmi that yioXdc-a by any of tun 
pure culture co-'upoeosis and ia a iurthor lfs the x?*V» uas lees 
than that i;iuen by any of the siuit*re«s eanponenia; the 
raimiindor of try.? nlntaw yielded v*V**& xrkihtn the ratuye fdren 
fey t'liair c?arjunuoat Mryanisaa,
die ro&uits of the farcertnyo yafxaoi-aa.ee rosnimrnrnntcs.
of tlie siirecl culture© In sterile fcecal m&im* ore vmdmr mmr& 
interest 5~» ;* .1 r ou&T -iw casss did. i.fe© mimtnrm produce' a 
craater fiareetitega reflectance tfeaa that fey any of dhe
campaiiimt siralmif: t€ of ttm nfetures ppoms.oo^ & isorecntfi&c 
rof&ocfaa&c lower tfeiia tlist given by any of their eonpomnt 
Btfmimm. $al&m m M  tiw rem&inimB mlzitarm g&ve intormdiJite 
valties# It should l>0 renetib-ered fliat tliapa es&eridants 
S.3WOlv& cultures inouba-ted far simm tiny© only arid that 
duriog tliat tiiae thare is in aay cnso an iaerense .
ir^iii-01M>ii£|€J<l solids (as ©Ijovm by decreasei fKaroentsgo " • 
rofXoeisnoc) of'‘isi£t*teted- ftOfMtosstlo faaaal saapaasioas {son 
'fnhlmi la fcjsd 15* pagass $£ mm% !>/)* Tfj® results are interesting 
as rs*c& act- they shot? thfit i&ia increase in miBtmnSed &otidB 
is nara Etcrfe&d srhen ©overd cliffs a t ergraalsus are nrnrlag 
loyeiher than ti&an ©lily a strain, is present*
Sa dmcfei fur results-of idiy significance from sue a. 
aiipsrlisaiit# n isur© 4ata-i3.ee! study would ha n^ odsa-.
i i i#  p i l o t  s e s l#  d i ,see t e r  yan ison  ~ r e s u l t  a t ’m t  q u i ie  
e lo s a ly  s'dsaisihl^' those  o b ta in e d  f r n  a in© 1 M o ra to ry  su rve y  
eajwriew&t* a.Kc#pt that besides- iw^ovlrm the dBoatorinr? tXtm 
ami solids eom^^tratien of the slurry, it also
reduced the r#V« of the slurry $ an improve &e»i an. tlia laboratory 
oxpmziMB'MB* tho ±mpF®v®vmnt Blmzm in  tan  P#V* vas p e r t l y  
du# to tolXowkn*? ifea anaerobic prseo&s by n cru&o rerofele 
fcroataiont* ids ©jcplo.no ti'ou imy te that issuy <>f the ©filler 
sseieeul©© produced fey the anaerobic process as a result of 
fer^ alsidau of cellules©# iignine atri p-rotc.i'u® vere bsiaa readily 
u t i l i s e d  fey the nm'oh®s in  the  • oxidr*. fcien ta n k  tim e  reclts-eiay
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tli© P*V# lead* lisle led to Ik© hypothesis that a © y& tm i in 
which aaserobie troatfatmt wag followed fey aerobic treatment 
cauld be M  effective t &m the usual fsarobla **■ atmerebie 
erder followed in conventional sqwem*ci treatment -plants» A 
csh&iie© to test this hypothesis tn ti ecKaserctaX fminiLna? 
enterprise oasst whoa a. Hampshire ikrner askod for suggestions 
for solving M s  slurry probXem*
Thic: particular farm had B0 cows ©a eely 40 ecre© 
and eo non a • ^yrobteas of l§sk of land speee’''$?or blurry dlsposs 
lucre aeed fey tfe# fact that there %?a.s a river nes&rby* Carer 
tli© post two yasm* two pita hmi been dug for slurry disposal 
e M  tsotfe pits$ ©seta. £0 % p0. feet* fey five' to eiybt foot deep 
wore ruil si to. a. crust of airn-f rad floeting solids 13 •* 3$ 
iiiofeos thick m?er each c&lciftg both aroas aerobic* Figure bb 
depicts the. system' as. it was before raxUflcs tion«
oorfeiiig? with the farm imnfiyar* a disposal syBt#3i 
was d c sieved tiM oh utilised tfe© two escisting pits for an 
aaasrofeio ** serobie treatoeat usetkcKf# ftM% pit nearest the 
stock yrtrc^  in*e wliieli ©lurry was rerejsel* was left 
undisturbed a** am *■ "^rslle Xw-o ~ with um&lms cruet 
Intact* V'ffn? other pit was ©ixptied eef dup out so as to irir® 
a levol- botto"* vitfe a working depth’ of f«5 ** 3*0 foot o.f 
liquids providies# soroMe eaedLtionsv — t :*nter ccuusectitto 
©IiBmKsi tmiv dug* to allow liquid to fltn* over Crom the s?&&orebic 
pit into the newly excavated, lower (aerobic} Xctgooxu A© a 
suppxesasntrjry procedure to m&tnt&tn m osynon ecmteat
in tlm lower 1 arremi* a pmp was sot up mi its bank wiilok 
delivered liquid to a 100 foot Xomy aeration channel dug? out 
on ©aiso iiimsed land and running feoek tote iise sarobie lagoon.
S»4
m  % <m
Figure 45 d e p ic ts  the m odtfi&d isygtmn «rhic& cost U467 in c ltid ts p  
dic^lt*© tiMs Imrer 3 ^ -con and -spraaclini? i t s  con ten ts on tlie  
land* loireliiri,p the lower le^oon nn^ *T q.ptnq tho r w t i M  
channel*
Fitts .?•¥* teste end erppen ^nonragsont©
(u©i*s$ a x ^ irn ie  gttusclvod tmysmn mtmy } ia&re smcSe a t v a r lm s  
palate 5 a ill© ays tea ekeitts is Pi 45 east tit© result© are 
in   ^ le 5-$* •
VM
F*T. crii dissolved ©rpqan re re’'-nee rsdte at 
©EPtpX© paint© noted in • i,r ?rc 45
?»J-4W» jgaat mt ft*''1 r?M8j.»; -11;
Saaple po in t  P i t t s  r *V*  a teo e lre d
(pf«* ) 0a.«£t*3 fops, )
t >£<30S 0,30
a i .to
4 1200 3.35
5 • 1160 7 .10'
6 960 1.70 •
ttm~& result?? unov tb&i although the difidolTOMl
easy» c sontoat tit the fo r end of t i e  coroMo logocn wiis lew 
fecom'<? of l£el; of ?ncnrerent of the liquid* there t?m *m 
offiCoid ecr&tion of the liquid ia the chunao1, The P*v,
©ho&ed a ecn&iderable docreaee ever the four smspliipf point#*
P#¥* te a te  w de a t  variens tit®©© thrm qheui h p r l i ,  May aru!
.June 1972 a t  aaaple p o in t 3 showed a f& irx y  con stan t ^ a ln e  &f
i a&cetre&xc xustrtisen ie  I^td* Pc^i& hle Oxygen r-itter 15-
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It appear that the w r 0*3.00 ©£ as asiaarabie
4t&&*tlea ppecesa follow# by oerebie -is capable
o f  . g j i r i p p  a a f , i 0 £ e a t ' # r j ?  r e s u l t s !  i t ;  Tengizs® f o r  f e i l o t r « « a p  
fKmi.ter£n£ of the sy©fcesi t# provide tnformtien as ie the 
eontlimil efficiency of snefe a eyciest,
u
Phvsico ohaminnT cha*!/?og occurris?'*- dvr * nv anaerobic dfeostion~    —  -• - •■■- -• -  -- —     -
of fseenI slurries in ilm laboratory4  — " " —     -- -      -* **
ICotzg? at at * C'19^ 9) ISTot-0 - that tho pOfiCI’nl f ©C i-OTB
?aosi frequently, used, to monitor digester j^rformane© are pH# 
ti tratoble alkalinity* volatile fatty eoid concentration* 
rate of gas prediction and. composilien of gas produced.
Hart C19&3} listed test© applying to.anaerobic digestion us 
total and volatile solids, pH* alkalinity* volatile acids 
concentration, biochemical osygon demand and nitrogen and 
carbon anely&oe ? also gas production and. corniest tion*
The characters assessed  in this present research  
included total, solids co n ten t« pH# permanganate value© 
dcwotcring time aitd the a sso c ia ted  suspended solids con centration  
laeaeurcd by the perc outage r e fle c ta n c e  t e s t .  The protein 
c onion fc of the d ig e s t in g  material was also measured at various 
stages during’ the p rocess. V o la t ile  fatty acid  concentre t io n  
.and com position were assessed  fo r  some samples* 
pH. Xoine egfc (19^9) nrentioned that the pH .of tlia in te r n a l  
®mrirmmmn.t of ell living cells was believed to bo approxisiately 
7 .0  and that most b a cter ia  ere r e la t iv e ly  insensitive to- 
ex tern a l concentrations o f  hydrogen or hydroxyl  io n s . Indeed* 
©any speeiec can grow well at any pH value between 6.0 and 9.0. 
TI*© heterogenous bacterial po pu loti on in  an anaerobic d ig e s te r  
comprises a vide variety of bacterial sp ec ie s  each one 
presu&ohxy living an optis&is* pH rmiQO in vftich .growth is best 
and Ate i«ci&bolie p rocesses function  a t optimum le v e l s .  %n 
imnercbie digestion therefore * the optimum pH range must be
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that t r \ which the most effective coufcr ihitt/lon by each of the 
different reactions eon occur# Clearly therefore© ■ Rsoasuromcnt
ef p l \ if one important -characteristic by vhxcl.i effective 
anaerobic digestion, con bo monitor©?!•
P a rk e r  (1 9 5 6 )  - c o n c lu d e d  t h a t  to o  p ;l r&ng® 6 * 4  t o  ?#£ 
r o e  w o e t e f f e c t i v e  f o r  -methane p ro d u c tio n * ,  end  l\mt b e lo w  pH 6 * 0  
n iid  abo ve  pH P.O  p r o d u c t io n  d e c l in e d  r a p i d l y *  f e e f e r  a n d  
f r i e s  { I yd.3 }  r e p o r t e d  f a c t  h ig h  li.rd re .p e n  i 'o n  c o n c e n t r e . t io n e  
he<I m i e fo -o re e  e f f e c t  on a n a e r o b ic  d .igeo t.1  on  a n d  s t a t e d  the.Ir­
an  o i T i e i e n t  d i g e s t i o n  o f  fo rm ic ©  a c e t i c *  r r o i v i o r i c  and  
b t t t y r S c  c o ld s  o c c u r r e d  a t  pH 6 •  H* r 'c K in n o y  (1 9 6 2 )  r e g a r d e d  
to o  pb opt: ;"vi■ '■ f o r  d i g e s t io n  of farm w a s te s  as 6*0 t o  6 *3  
w here r..4* a m l gm* Id e s  (196-0) r e g a rd e d  th e  ooH m em  p?t os' b o tw e e n  
7*0 nee • '• *O * doleno (T 056 } .-gave a r m v m  of pH 6*0 to 7«5 
t-/l t i l  i" '■ •. n f  7 - 0 *
T.-i tb o  p ro  SC l i t  o x  p e r  in ’-o r.ts  © f r a o n e n t  tfT  a s f io  ssm ents- 
w e re  made ? i n  g e n e r a l  o f  v a lu e s  re m a in e d , c l  pH 7 * 0  o r  on  tfee 
© l i g b t l y  e l b a l i r c  side o f  n e u t r a l i t y  and t h i s * I n  t h e ' l i g h t  
o f  o t h e r  r o r h o r s  f i n d i n g s *  r a n  ta k e n  to  i n d i c a t e  pH c o n d i t i o n s  
s n t - i s f ‘c c l o r y  f o r  a n a e r o b ic  d i g e s t i e o .
1 -erg  r~- m  n a -re v a . -hi c *  The Chemical oxygon dmnnnd (OOD) tost 
using diehr-omsto measures total organic ■rnaierinl and is 
frequently used in ©xo.minAn& sewage and other effluent©. Tiio 
mein. disadvantage of the COP tost is that ;!.s doc© not distinguish 
hoireen biodegradable and nan biodegradable organic 'material* ' 
(rator Pollution desearch laboratory into) hath forms being 
oxidised ?;>•• the h o i  ling mixture on rytnfic-iu’i diohromate and 
G i iIphartc raid used In the COD determination. The !-*m« test 
on the other hand uses g less p m m r O n t  exicUsing system 
{potassium permanganate and dilute sulphuric acid at 27°c)
and ten<Its p-ref ereniially to oxidise tbs more easily exididgble 
organic• matter present in the sample. It therefore nmy* be 
regarded as giving a rach better in-dieaid. on of the content 
of biodegradable organic matter of an effluent saspl.e© and it 
was for this reason that the P*V* test mas chores rather than
the coi> tart for the present work*
the r.V. of dairy cattle faeces xm® given by the 
Water Pollution Research Laboratory (1964) as 30*600 p*p*m* 
Faeces used in the present oxporie&ate (diltitod. tsIO to equate 
with dairy form slurries in which, bavin© faocoa ray be mixed 
wl 'f. nr: •';© * rain water and washing rater from the parlour and 
yard and then slaved tc remove straw) gave a P«V* rang© for 
the. initial sample (faeces ■emitted 1 {10 and stored) ©f 392 to 
1$td p.p.rv* If the dilution factor.is nor taken into account 
this gives a range of 302.0 to ?6*t6-0 p.p*m* Sieving of--the 
diluted material imist fenve removed. one half to seven eighths 
ef the X-'#V. load when, a eotapar i©on is stage hct-ween these 
GJcperiExmtal results end the literature data* In fact# the
sieving process wan found, to remove 75 per cent# of the total
solids content --of ill© experimental material*
Kf». published data relating to changes , occurring 
in the f**V* during the -anaerobic direstion process appears 
to exist*- In fact it was found in these exr^risicmts that 
Xitt.1 © or no chongo occurred overall in Hi© r*V.: certainly 
no reduction was observed? in some eases the P*V# load 
actually increased but in general*. after the four week 
fersmn tation period* h • m m y  of' the samples gave- a F.V. 
sicsller to U r n initial, reading*
Drrwn ter ability .and siispendod. solids. . hrniy dairy farming 
enterprises employ pumps to transport waste materials 'from 
on© part of H m  farai to- another| it is therefore useful t o  
•know S0t;iat!iing of the pumping properties of the irast©. A 
good Indication ©f these properties isay la gal nod f rom o 
knoi/Xed/jo of the deira taring time of the laniorlaX and its 
euspcndQd solids concentration*
: The clawataring time, for mo&t of the seamless was
i
found to decreede {and thus itsprove) over the four week 
forsjont.afcion period*' Qa&ponded solids stsasureisants indicated 
that. fui iiKprove^nt in itm nature and density of suspended 
.solids was. occurring whieli corresponded with the improved 
d m m tor ab 11 i ty figures* llae highest -dowatoring time (lov/est 
down taxability) recorded for Fresh slurry was in excess of 
oil© hour; the - results given in Tables 14# 15 and 13* sitiw 
that iJi general* slurries with a h ieh dewsterlug time also 
give high values for suspended solids (shown by the low 
percentage reflectance reading); such slurries would not be 
capable of efficient- l&ndling by pimping* Likewise* low 
llowataring tines v/ere correlated-with lou eueponded solids# 
the lowest clowatoriny ■ tine recorded wee 10 seconds and this 
sample lied, a low suspended solids concex:fcre.iion and would 
easily be ImricUod b y  pumpl.np*
Clironr- fogrrpbl c ..nrial ypeg * The anaerobic digestion proees&
has bean stoted by many authors (Dulr-es tpdS; Toericn and 
flattingh 1969; end itobson mid.Slum 19/1 ) to be a process 
involving two stages.; liquefaction* in which, volatile fatty 
ccids are forced* and gasification* in which methane gas I©
f erased#■ Peferty {1963) observed that one of the major end
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pr©ducts of the anaerobic digestion of organic wastes i® 
tmthr.no vhich is produced fro® the end products of the 
ntm-ssetk&itogente (liquefaction) pliss© fey isethatsegtmie bacteriae 
It vas considered that some form of monitoring of these phases 
would give some indication as to lb© efficiency of tlie 
digestion op&ration*
Xn the • early stages' of the \forkt a number of 
attempt© • were made to detect volatile fatty acids- in digested 
samples of slurry material hut only trace® wore found# Thi«s 
was talsen- to fee feocause by the tiiss that certain other analyses» 
©•@#-pH# detraterlng time and suspended solids concentration * 
had been carried out on fresh 0at3pl.es token from the digestion 
units# moat of the acids bed volatilised and virtually none 
could fee detected# Gas analyse© imre carried out on gas 
produced from & few of the survey digestion units en-e methane 
and carbon dioscid© gases were de tec tod in each case. This 
*?&© iMmn to be an indication iltat the anaerobic processes 
were reaching completion and that the digestion operation 
uas working efficiently#
S ig n ifica n ce  o f  parameters used in  an a lyses o f  variance of 
phv&ieo chemical, date.
m e  s ig n if ic a n c e  o f  the three parameters (duration 
of fcrefentatiosi in weeks, time of year and farm of origin) 
and th e ir  in te r a c tio n s  examined in  analyses o f  variance of-:-, 
data relating to pH, P#V# # percentage reflect tanc© and 
dowatcrirtg time varied  greatly according to  how many sets of 
results could bo included in the analyses# Uitf or tuna tel y in  
not ©vary ease were all five sets of readings during the time 
of year of study available for analysis* The P#v. for vniic h
all five acts of readings in one. yoar were obtained allowed• 
that two para^terst duration of fermentation ana time of year 
wore ©ignlficahi in' the analysis# It could not be shown that • 
tlila' pattern of significance would apply to tlie oilier analyses 
if all five sots of data iiad been err liable for analysis, 
Despite this all of • the analyses except that of ibo pir data 
showed that, -the duration of 'ferjaont&tion of the a m p lo was a 
significant parameter? moreover the interaction between the 
farms from which the sample wan taken red the time of -year 
the sample war taken was significant in these ©ease analyses 
allowing.that in most cases the variation in. the parameter 
being nee sored, over the year was different between farms# The 
interact ion between duration of fermentation and time of year 
that I be sample res telco n wee' sl^ rdfi. cant in all encept the 
dewatering tiirc analysis showing that in moot eases the 
v&ri.efcicn shown over the veeke of fermentation also ...differed 
according to fcbr* tirna of year the enrnpi© was taken. Ttseso 
throe siani.fioe >c reactions Bhomi by the rawer! iy of analysis 
of' variance .swssmlt© are .alee shown to be significant in.the 
P *V* analysisr hence -the r*V# ■ nmlysls can he said to fairly 
represent those parameter® of eigniflenree affecting tla© form 
of results that 'mu.id bo obtained* In this cose, it would 
appear that the farm from- which the crmloc were taken lied 
no effect on the for® of any results that might bo obtained 
although the. variation ohown -over the time of y m r  would 
differ between farms* The implication is that the feed type 
need by tilt© farm hos no significant of foe t on the treatability 
of., the resultant faecal effluent,
r~ f U'/
r , * * t gy o:f apacyoh.f a d Iff:* n X Q Si
Teordeii and daitilrryu {19G ' J } noted f h o  apparent lad:
of inforaalloa regarding the microbiology of miaerobic
digestion; they did. however compile a lint of tlio different
physiological groups of irdcroorgcnilsnis no far demonstrated
in the non-nethe*10genic ptmxo of anaerobic digestion (sec
Table 6}« Those organisms playing mi retXvo pert in the?
isolbanogenid yh'u;e arc lilcesise still, poorly defined. but are
known to cenaifit of a variety of ©peclor: no chop! In fable 7,
Hie information given by Toerien and yat!;inyii(l ego) shoes that
a nide variety of bacteria laako up fho microbial population
of an anaerobic digestion process; sore of the organisms play
specific prad;s in the process d.jS* celfulelytic and proteolytic
bacteria thus enhancing the usefulness of the process by
reducing the total, amount of organic mat tor * in particular
long chained rmierorelacules* other bacteria may Just persist
rot producing any specific effect An the process*
Oemputer analysis using o nuttoriea! -taxonomic n&thod
of the organisms isolated in this present 'research dosen&trated
the lietcrop©notiy* of the bacterial 'population of dairy cor
blurry subjected to an anaerobic digestion process. Only too
of the forty tro isolates oxnminou in the conjuiter analyser
producr‘ * acetics propionic, iso-butyric n n z l bu{y r ic acids in
the complex faecal medium and o n l y  ihroo ,i relator >mre associated
with meti'Cec? production. There would. nygarr to bo tro possible
and not
reasons vliy fatty aeld/methane producers nora/fotind more ■
frequently* lao fit'st Is that tic hueteriologles! matheds
employed fulled to isolate such erynnlsn.sf or that these
crg&idsns mere among iho more delieoin rnutates and acre lost
before the opportunity to test them arose; in feet* the ^2 
strains represented only a proportion of the total isolates 
and it may veil, be that itie raere robust strains which survived 
were in the main not the active organisms* Hie other possibility 
also a likely one« is that the behaviour of those organissis 
when cmaptaecl in pure culture differs from that occurring in „ 
the highly mixed population of natural digestion* Perhaps e 
symbiotic association of two9 three or sere organisms in 
needed to produce either fatty aeids or methane, An attempt 
was si a do to teat this latter .hypothesis by inoculating the 
faecal nodiurn uiih mixed cultures hui eas largely unsuccessful• 
The effect; produced by mixtures in most coses bore 
very lit tle rc?letionsliip to the behaviour of the individual 
pure or.I imros when inoculated into sterile dilute feeeal inoctAutsu 
The bacteria isolated, from the digestion of dairy 
cow Blurry sliored c. vide variety of morpboXogicol characters 
and effects produced when inoculated singly or in pairs and 
threes into sterile fresh diluted faeces• In feiic ca&o vhcro 
two or three isolate® wore inoculated into sterile faoceo if 
would Imre been difficult to assess tip survival, rata of e&ch 
inoculum end it vas assumed that enei organ Ism would exert an 
equal, effect to the .others* The results of the inoculation 
of mxxod cultures wore however not- add 11. by and hence one or 
other of the isolates Inoculated tegofher ray pavo lied cm 
inhibitory effect on n third orgnniss present in the fixture« 
fee tic, propionic, ieo«*lrtityric and bn.tyr.ic adds ware 
procli '* In -the faecal moditim by both »|>ore•• forniini* and 
s^ oit«-spore for?tiny; Grain positive rods end three acid® were 
produced by n bran negative rod. Acetic cud propionic acids
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i*cre produced together by a. wide variety oh organises including 
Oram positive red! Gram .negative rods, cocci end coccabncllli«
T i m  production of methane gas res 1 f ;;d tod to cocci a  m l  eoecobsoIXli 
Teo pf dovolmpin'p In the Inoculated senates sr?s within the rs.nge 
obtained In tie I ah oratory scale digesters,
fore isolates,for example, those free fore 11, when 
Inoculated Into sterile face at nsdiiin nrodit.ee d a cons Idarable 
increase In decaferiny tin®, others for examples those from 
faro 3 proliieoci a decrease In devmfcnrino; tire. Tee form of 
results vcro so varied that no conclusions- could be drawn no 
to which typo of organists produced tni i-arerao or decrease in 
the dev?ntaring time# Similarly* the permanganate value shotted 
a  varJery of increases and decreases with different organisms.
Tito single link .grouping end single link listing methods of 
eXassillCRlJ. cm of the isolates shored that when considering 
ell of the available data only a .fen: of the isolates txroved 
idem tie a! # Apart from these feu isolates which, formed three 
different groups* all of the other isolator formed -a heterogenous 
group# Tnmo observations support the view that no one or 
two orcoxii.sms could possibly produ.ee Iho required pbysieo 
chemical elifmges in an anaerobic digestion process and thus 
the beterevisions population of organism docenrtrated by other 
workers encl also hinted at In ihie rosonrcli is ■ necessary to 
produce tho combination of effects which result from & natural 
di go a id. cm process,
f f/O to 100 per coat • induction In numbers of lactose 
forr;Pi;.tI?iii rryynlsrs %/ay observed In a short series of 
erperimytis milch demonsiraiod- that the mmarobie digestion 
proCQB& imp be a useful tool In the all ni.rmiop of enteric
bacteria from t.bo cri.g-in.ax fctocnl i^ ateriaX- including possibly 
cmterio pathogens *
This ims considered gs sn added advsnfceg© of the ue® 
of cir'T*^  dgc d; 'ration in. the treatment of dairy cm? slurries*
Sgssr 1 iG:. \z j^jmrjL^szLSlszzx.
In gonoral the smorofeie digestion process did 
little or to decrease the P.V# of tlio materiel being
digested* im. t‘-c contrary* increased I. v«svcre noted. e.t 
different stages In sore of the digestions end those .frequently 
.corresponded with decreases in dono time and increases
In suspended sol Ms concentration* it the ocmo time, in many 
eases $ the? protein content woo also Increased«
It In n little difficult to’ o .trial n those eorsowhat 
uaoscpocted increases in f.Y* and the concomitant changes in • 
dewaierin-r t : h m s suspended solids concentration and protein 
content* ft may be that after reell&atiaation to the conditions 
offered hr the dig03tio.11 ©sjvlroim^nt f thero mao a. rapid 
increase in a bacterial population capable of breaking down 
largo organic molecules as a source of energy arid producing 
smaller organic molecules Pliieii nay be norc readily oxidised 
by permangaa:. ce than the larger molecules Iron tdiich they 
uoro fornodm faero would also be a. ’Londoner for Xorger clurrp® 
of solid iraierial to bo physically bradon :n by talcroblisl 
activity? too result of this activity would be to raise tlic 
P.V* cad Increase the suspended ooli.de concentration time 
decreasing tbo dm:?afceri.ng tirao. It ssty be tUot mlth rmich 
crtosidod digestion further.populations of trieterla would then, 
•utilise ot'U€?r c:nc-romsXeeu.lc?s released by the hr©cl;lag tip of , 
particul&tG natter and the smaller o-axocuios for eya«pI,€J #
volatile eoldr* would fee further cPyyrricP to caThor*. dlonldc* 
water * hydrogen ? tyHfmne and other crop I no Jconicst the 
of run phono would be? to decree so I:h.o irrprptd.ee! sol, ids 
eoecAr.trat.ion s' P*V* end dewetorihg tire* Stich ehnngoe* w&s*© 
riot hrrahar ebsorx'Od during the four reel-:: digestion period 
employed in the rr-eeeet study: elJ. that tree that tb<*
eusnandod solids concentration end deoGn. taring tiro tell 
eovtjeuret while the r*V* remained unchanged*
^  -**.blo * A rnrnlieX sitrvoy of er?erin;vr.in carried cut by 
11 n, Irrrey using the sere sources of nappies* but uslug 
aerobic trghtrenl by active aeration of ssorplrs produced 
results which showed a sternly deeronno in P*Yg oner the four 
reob f crated to a value beyond, wh-lch rrrr^fr irertreat dia ret 
seer ici to r.blo to achieve fur £ her ipprupaGhonl • Tt is highly 
Illcoly that this residue ihct Is •reifvxh.ory to oerehle tr^ citoetr 
dry be ereeeytiblo to anaerobic treaty-cut and nny consist 
IsX'i’oiy of naorcuuolecalee that ere brof.Qn down in the first 
steyec of the anoofoljie digestion, process. lime nn efficient 
inyy overeat. In of fluent ounllty noeld. hr obfnined by a two* 
stage treair'^ fd process involving nn mnoroblc diyorti.on tmii
foliorod by c. simple a e r o b i c  trectnsnt nyntm. The anaerobic 
proems 'would foyrnde those 'roeronolcrrhrn- Prat realu he 
relYaotuny to an. toroiic oyster sop iso r'-roJJ.or noloeulos 
produced no n result of toe degronhhf on of - the rrcnmieXeeuI.es 
would ho rood fit" utilised in nn nrrfnlr ;;y:/'cr*  ^ coishiuecl
system of iris nr-lure would of fie: erf Ip reduce H o  P*\%? 
nurjppnbr]. n o l i  do ecreentr'-rlor *.no fomteetpg tlor, This 
hypo if oof. y * ifilcf i evolved from the lobonainuy e*:periB?®nt8 w s  
portly tested. in the pilot digester crmrfprts red in it full.
fa *5 A
scale field trial on a commercial fo.rrr?#
m s s .  tf ljsc s tor ex.parlye e t
The pH at the unrjplee obtained from the* pilot digester 
was eonstnnt at 8.5 to 9*^ which was nt the higher end of the 
r a n g e  shown by t h e  survey renulta# T h is  did not seem to 
affect the efficiency of the di/jcstXorr pro corns in terns of 
methane gas production and tints completion of digestion. Ha© 
dewatoring tine showed a considerable decrease which was 
associated with' a taarlred doorcase in suspended solids concentrat&on 
(increase in percentage reflectance): those results bear a 
eloee rosewlilonce to the form of results obtninocl in the 
survey experiments. Hie F*V* r e s u l t s  wore however superior 
to mast of the survey result© in that o decrease from 
npprorj.'r.p-toly 2,000 p.p.rj* to 1,(300 p.n.n, ran recorded, 
whereon in the survey results, values tended to remain at; a 
iiigh level of P.O. from etart to finish. Protein evaluations 
indicated that an increase occurred, in protein content in tlie 
digester* followed by a further increase in protein content in 
the oxidation tank. This reasonably- refl.eeted the expected 
changes in micro hi al populations prosept in the different 
environments in that the heated digester environment favoured 
the naul tiplication of f aeulfcalive find strict m a orobos thus 
producing mr increase In pro loin content ? in the oxidation 
tank a wide variety of organisms would take over the population 
of the euvironnsni and ineroaso rai-My in nuubcrs owing to 
the favourable nutrient conditions •* thin t;ould load to n 
further increase in protein content. Tima, at each of the two 
stages# anaerobic and aerobict there is an incrcpso in a 
particiu.nr population of. bacteria raid consequently of protein.
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(or at least material positive to the biuret and Lotfry tests) 
and it itmy fee assuciaft that this bacterial protein becomes 
progressively ©ore refractory, to further digestion as tlx© 
process pees on* Certainly, bacterial 'cell tmXXa contain : 
nitrogen end are highly refractory to ©assynstc degradation.'
The interesting question is the problem of the source of this 
increasing bacterial - protein nitrogen* Ono possibility is 
that nitrogen fixation w  occurring ancl indeed in mtm of the 
laboratory o&pcriessatEt polite!..©© developed on the slurry which 
in view of the fact that incubation ’rs carried out in an 
ataiosphero of -nitrogen might veil haw been composed of 
nitrogen, firing bacteria, though it w e  unfortunately not 
possible to Investigate those pellicle fuming organise© 
further,
The other possibility is that the bacterial protein, 
derives from the breakdown of non~protelnaceoue organic ; 
nitrogenous ia.ateri.si, ■ present in the original faecal matter*
•ifvo field trial consisted of* an. anaerobic /ear 
lagoon ©ystfw on n co&K&reiei form? the first results fro© the 
field trial shoved a useful re d-action. in P.P. and the aeration 
channel gave proedeing indication-3 that it would be as efficient 
supplcimmi to the aeration system*
Irxtrovomont© (decreases) in f.v# %?&re observed only 
vhore the anaerobic process, was f© 3. tewed by mo aerobic 
tro&ts&nt* If would, appear from thoso early trials that the 
hypat&esi* stated above it in fact correct and that for an 
. efficient reduction in P*V*, solids concentration
and devntoring tirao a two ei&ge jsrocegu involving anaerobic
digestion succeeded by aerobic treatment S& superior to a
single i: tr' a process involving either one of these processes *- 
food for Boseial eculament
'Hie exclusion of air from a digestion process is 
essential if the react lor is to te o&eeessful in the production 
of ©ethane*, Organisms t&volved in the meth&nogenic phase arc 
strict aaaerobes and the- presence of only trace mmtxntB- of 
oxygon would fee enough to'conee the digestion to fail*.
In both the survey expert ente and. the pilot d t ^ B t o v  
experisent». oor@iclo.ration. had to fee given. to tho design of 
equipment with sampling? ports and gas escape ports which would 
alec be efficient in excluding air from the digestion unit*.. ■
In a pratlcal sitxiation however* special equipment may not 
fee necessary to obtain an adequately anaerobic environment *
In tho field trial, natural flotation of etrev and other solid© 
provided an apparantiy .efficient seal excluding sir from the 
digesting material beneath, tho cruet*
Provided sufficient land is available in a. particular 
situation* cm efficient digestion pit could bo excavated 
obviating tho need for expensive' steel digustora* -Bits* 
coupled with the fact that natural land eharocteristics* for 
example* slope© t:tay bo employed, for use in the aeration system 
makes the use of an anaerobic/aerobic tre&tfc&nt system for 
dairy cow Blurry' an attractive proi^oeition.
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Wmploymnt of the c.nc.ercbie digestion 
process Tor far® slurry treatomt
Effectiveness . af..toe. aaaergblc.. digg.i4t.iorj. macese for tycstegM.
Hie ease of. treatability of a slurry is dependent
on many factors including tHo physical at id chemical properties
of tfao effluent* Tbe addition, of millcliiy parlour washings or 
bedding- material {©trisw or woodshnving&) to n slurry of faeces 
and urine isay rlao effect its? treatability, Overall® the 
anaerobic digestion of dairy cor faecal slurries under th© 
stated conditions gave promising results which supported the 
general findings of oilier trorfcers in relation to the application 
of tha anaerobic digestion process to ciyienie waste materials*
fi'dffor {1960} c iiitod that the process offering the 
greatest potential for the economical trbai&en't of organic 
materials viaf the anaerobic digestion processUse advantages 
)io cloins-d over the aerobic method included« the cliniination 
of oxygen transfer problems* low biological solids production • 
and a valuable end product, methene gas*- Taiga slides (1963) 
showed that tfco anaerobic.digestion of pig raaioo had a 
niif«hor of ndvantngcs including the. -rodtxetiott of po Hut tonal 
strength of the ran manure, and the recovery of large? volumes 
of e<v,% gas. On the a tier hand ho maintained» a
major limitation 'yes 'the high initial cost of equipment 
at though it has also been, claimed that the cost of anaerobic 
digestion of strong wastes wee considerably less than that of 
equivalent aerobic processes • Pfeffer, like ?s* tgenides, 
stressed the fact that the cost of the oseerobie digestion
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apparatus vould be proMbi tiveI any proposed tisa of the
process in the tvoettmnl of animal factor,*.
In tin field trial ©$ a coiisiarnl^ l farm it ims etiawn 
that an effective anaerobic dlgo&tlon process for dairy co*; 
fee©©I slurry could be obtained without tho n m  of elaborate* 
expensive item of eqnlpaeiif. this urns largely due to the 
fact tart the eluna to he treated contained largo quantities 
of ©tree viiieh formed an efficient ©online: -crust over the pit. 
It urm nl&o possible to sliov that or,aerobic digestion. of bovine 
eaates is suceoosfal in reducing the in?upended. solids 
concern ire t ion and the d0vst©ri?i/£ tiro of the ©lurry? these 
reductions vrould tmprov® tlie bamliing proportion of the slurry* 
for a reduction. in the pollution©! strength in terms of P.V* 
it van «ec©#sp.ry to follov the eneerohlc process hy an aerobic 
treatment. lima, m% effective inexpensive treatment of bovine 
slurries hy anaerobic digestion process is possible if aattrsl 
land character!sties and the cntefc~f oroistg properties of the 
slurry are utilised.
Ilsis disca^elon lias so far concerned the tvzprov&nr? 
of fee to of the cmnerobi© process on ©lurries? gas production 
has not yet been considered as one of the benefits of ilie 
process* The' qas analyses of srrmice taken £ro«» tlm pilot 
digester contained e ler^e percent©eye of' methane*  ^valuable 
eotnbust-ible can wbieb in a larger plant might be used os- 
fuel to assist in offsetting any coats incurred by the 
construction of tit© troafciaent system?* hoverer in the outdoor 
logoon system collection of ge© would be difficult' or 
impossible*
s t u r r t e s y  in _ th e  ,f s i t u ^ t i - or*
Several of the farms visited during- the c o l le c t io n  
of m ateriel for the survey used s lu rry  pits or lagoons (see  
Tabic 10} vh ieh  required digging or pimping out once or twice 
a year* c o s tin g  the farmer time and money* In, most o f  those 
eases it would have been possible to devise a treatment 
.eyeto© vii.ich would involve scraping down the yard direct into 
an anaerobic lagoon which would is turn food late an aerobic  
treatment .system excavated to suit the available lend cher&et©r~ 
i a t i e s .  Slurry ten d lin g  would in this type of case be limited 
to yard scraping and channelling ' of vnehinge« The iraprovcs&ftntg 
in f*»V« v auapeaded solids'concentration oed dears toying i t  mo 
th at should r e s u lt  trom the treatment {at least if the results 
o f  the liiibt tri^l **i ** anything to go by) would render the 
material reasonably innocuous in terms of polluting load end 
it could foe pumped directly on 'to the land for use as a 
fertiliser? its center*! of patbo^onic enteric bacteria would 
also be probably much reduced* It is tlw iy h t that cattle vi.ll, 
grass© land sprayed w ith th is  type o f  siisterie l alm ost immediately 
after spraying (bitt-Pltte) whereas they will not gras© land 
imssodintely that has been spread w ith  raw manure• The findings 
that the initial d ie t  form has l i t t l e  or no effect on . the 
ultim ate t r e a to b i l i t y  of bovine s lu rry  by anaerobic d ig e s t io n  
else mMmB the process attractive in that it may he applied in  
its sim p lest for© (without the necessity for eoefcX y.m odification  
to a eyetem using land pits) to any dairy farm enterprise no 
mutter what feed type is being used*
inuring the reaeereii program many farms were visited, 
and it was apparent that no two tmr®& had the same waste dispose
problem* Factors- to I?® considered when d esign in g  a treatment 
©yeto® included not 'only the type o f  m aterial to lie treated?  
whether bedding m ateria l or m ilking parlour washings were to  
be included* femi a lso* the land characteristics o f  the form 
in clu d in g  land acreage* presence and .p o s it io n  o f  .water-*courses* 
s lo p es  o f  the land* s o i l  type* what q u a lity  o f  f in a l  e f f lu e n t  
was required and to what tie® tlm e f f lu e n t  was to he put* ...
It ‘was considered that the anaerobic/aerobic typo 
of treatment could be applied in ©any instances particularly 
where a, dairy farm had soma two to three acres of suitably 
situated land available *
The usefulness of research into r •* * rt hde dilation of farm wastes 
Baines (1968) observed that the available literature on 
the application of the anaerobic digestion process to agricultural 
wastes gave little information on the design* operation and 
efficiency of the - process*
There os?& mzmy  -reports o f  anaerobic d ig e s t io n  o f  
a g r icu ltu ra l w astes over the p ast 30 to  40 years in  most parte  
o f  th© world and most o f  them have been concerned w ith  the 
©oonoriiic importance o f  the r e su lta n t  gas* Xtithoff (%$k6) gave 
d e t a i l s  o f  n, b io lo g ic a l gasworks producing jroikem© from farm 
irnlaal ©&©r©ta arid Gotans (195&) gave inform ation concerning  
many d ig e s te r s  which had been su c c e s s fu lly  cotmaisttiened s in ce  
1945 in  A lg e r ia* France* I ta ly  emi In d ia« the criterion o f  
su ccess being tie the no production* Xtahoff a lso  noted that there  
was no appreciable lo s s  o f  f e r t i l i s e r  co n st itu e n ts !  ©©then© he 
claimed* was produced only froEi that part o f  ih© manure th a t  
would otherw ise decompose in the manure p i le  or the f ie ld s *
Other workers were aleo motivated by economic factors and
Rosenberg ("1951 ) quoted w o rk  on thermal* chemical a n d  b io lo g ic a l  
aids.to speed - up the d ig e s t io n  process end hence gas production* 
In view  o f  the lack, o f  b a sic  research* 'Balnea wrote 
seventeen  years after Hesenberg th a t much more  information was 
required on a l l  aspect© o f  anaerobic, treatm ent of fern  w astes 
and although tlio high capital cost and difficulty in operation  
end maintenance may- have r e d u c e d .in te r e s t ,it  must be an 
advantage to examine f i r s t  the- potentialities o f  a process • 
before  turning to  the eeonoiaie aspect* At .the present s ta te  
of laiowledge of the disposal of Cars washes' any method1 must 
be ju d g e d  prim arily  on o f  foe  titresess and secondly c o s t .
workers -of 30- to 40 year© mgo were mainly concerned 
with producing' a fuel of economic import'one*a to their country? 
in more romx*l timee the major concern has been the efficiency 
of a process In reducing a polluting load and producing an 
innocuous effluent* One© appropriate ?aetk©fc have been fatty 
evelimiqd in. terms of efficiency in complying, with these 
requirements» the revising Industry- will lie in a position to 
judge how beet to aseirmliot© any-cost; it Is then that the 
usefulness of the end product will need to bo-considered.
Since there is a growing problem on the intensive 
livestock production farm where large quantities- of Blurry 
accuMUlatc anti create a nuisance* it is necessary to explore 
all possibilities whereby the Blurry may be rnado more easily 
hendXable and less offensive. Tli© present' work strongly 
suggests that the anaerobic digestion, process is one stick 
possibility.
Indications for further research
If the hypo the©is that the anaerobic process degrades
terre rxtleeule? refractory to 'eerehle trentmpnt in correct then 
a considerably improved reduction -in t t lution load t m£d foe 
obtained by aerating digested materiel, more vigorously tU&r
waa possible in the pilot digester. It vcttld foe of interest 
to vary the . typo of aeration -treatment following digest ion 
to determine those conditions that won id result in the production 
of the best effluent in the meat ©cosiomieol way.
It in rot possible at this Etege to enumerate the 
Ideal conditions! necessary to enable any * *%totiXnr groan c it  
organisms to complete tfo© dl/jaatiovi..process an pure -culture . 
anti indeed * cxcin?? to the hetorogenoua nature of the microhlnl 
population TU’CDent in digesting smtarXnl It is doubtful whether 
any mired eel taro of .only two or three organisms would be 
capable: of producing; those changes- observed in a natural 
digestion process# Even eo# tsaro detailed laboratory studies 
concerning the behaviour of single culture isolate© from 
anaerobic digest ion world foe of great interest and mine, 
ilurihemore Information concerislng the foeWjvalour of isolates 
in pairs* -throes or greater number© would add to our laiowleege 
of the rderofoioiogy of axioerobic cli^stlmu
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Curves calculated from the 
regression equation shown i; 
Table D : also shown are th< 
means with standard errors 
of the logarithms (base 10) o: 
the permanganate values in 
relation to the calculated 
curve
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NUMERICAL TAXONOMY COMPUTER PROGRAMS.
NOTES POR USERS1;j?rogam 1TUMTAX --------- _  —
Pnnction -
The program accepts data in various forms regarding collections of objects? percent­
age coefficients are calculated to express the similarity of each object with each 
other object, and may be printed, in the form of a triangular matrix. The objects- 
may then be sorted by stages into groups on the basis of their similarity coefficients, • 
using a method termed Single Link Grouping (SLG), or an alternative method termed Sin­
gle Link Listing (SLL), or both, and the progress of sorting printed out at each- stage 
until complete. The similarity matrix may then again be printed, this time with the 
objects in their re-arranged order.
Representation of data
Lata may be s '
1, Quantitative, consisting of any values, e.g. 0.26, .125, .2, 1005, etc.
2. Two-state, coded as 0 or 1 (in this case two objects both recorded as 0 are scored
as similar, likewise two objects both recorded as 1).
5. Reaction, coded as - or + ( in this case pairs of objects are scored as similar
only when both are recorded as +? if both are recorded as no comparison is made)-,
4. ' Multi state qualitatives, where rank is of no concern e.g. red, green, blue, violet? 
glossy, wrinkled, rough, dull. These can be coded as combinations of.up to 4 letters, 
e.g. RE, GR, BL, Vis GLOS, VffiHT, ROUG, LULL, or as single letters e.g, R,G,B,V, or as 
digits 1, 2, 5? 4« Combinations of letters and digits may be used, e.g. R1, B5? B5G.
If more than four characters are used for any entry, only the first four will be ids- 
tinguished. Similarity is counted only when two objects match, e.g. RE and RE s non- 
matching is counted as dissimilarity.-
Missing data must be coded as * for each entry.
Limitations .
There is no limitation to the number of tests, but the number of objects must not, at 
present, exceed 128
Where some data are missing, the user sets the criterion for judgement of whether 
there are sufficient comparisons to make an entry in the similarity matrix. If this 
is specified as a fraction (decimal) it will be multiplied by the total number of tests 
— e.g. 0.5 would moan that if missing data prevented comparison of two objects by more 
than say, 40 out of a total of 80 tests, then no entry would be made in the similarity 
matrix? if the number specified is 1 or greater, this value will be used as the crit­
erion, e.g. 50 would mean that similarity values are calculated only for those pairs of 
objects where there are complete results for at least 50 tests.
Some notes on the processes used
1. The program re-scales the data for each quantitative test to the range 0 - 1 .
For any entry s
a - b
rescaled value = —— —
c - b
Where a = actual value recorded, b «= lowest value recorded for the test and c = high­
est value recorded for the test (c - b is, therefore, the range).
P.T.O
■:-.350
2. Calculation of similarity coefficient, S. Por any pair of objects 
* ' ■ t ■
 ^ • ■- S = -
• . c
Where t =• total score and c .= total count.
The total score is the sum of the individual scores awarded to each pair of test- 
results; the total count is likewise the sum of the individual counts, every valid 
comparison being counted as 1. Individual scores and counts for each test are 
arrived at as follows s
a) Two--state qualltatives in. the form
Results for both objects = 0  
Results for both objects = 1 
Results for one object =0, 
the other - =1
One or both results missing
b) Two-state qualitatives9 in the form -<, +
Results for both objects = ~
Results for both objects - +
Results for one object = 
the other = +
One or both results missing
c) fstate qualitatives (form = A B O  3) , .
Result (~ state) the same for both objects 
Result (= state) different for the 2 objects 
One or both results missing
Score
1
1
0
0
Score %• 
0 
1
0
0
Score 
1 . 
0 
0
Count
1
1
1
0
Count 
. 0 
1
Count s- 
• 1 
1 
0
d) Quantatives 7rescaled to the range' 0- TT.
Res'STt present for both objects 
One or both results missing
* Where d = the difference between the two values
Score : 
1-d * 
0
Count 
' 1 
0
Object
Example illustrating scoring and counting of 21 tests 
for a pair of objects, and calculation of S
1
. 0* o 
£5 1 2 3 4* 5 6 7 8 9 10 11 12 15* 14 15 16 17 18 19 20 21
1 0 1 1 0 0 .6 P C E + - *h - 1 0 23 +
2 1 0 1 0 .8 1 B D E - + + - 1 0 p
Score s-• 0 0 1 1 .2 .6 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0
Couhts-■ 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0
total score 
total count
4.8
12
= .400
compare s'-0,. 1 and 
reaction tests.
+ convention for two-state qualitatives and
■* " t *»
3« , There is no provision for differential weighting1 of tests , hut individual tests 
may be given X2, X3? X4 weighting etc. by repeating the data for the test 2, 3? 
or 4 times.
4. SLG method of sorting,
The S matrix is scanned for similarities at falling percentage levels, the user 
specifying the interval between these levels (e.g. 5 per cent). Objects which 
have mutual S values at a particular scanning level are paired or grouped together? 
objects are added to an existing group provided they are related, at current scan™ 
ning level, to any object within the group, i.e. a grouping at 85 per cent S level 
of objects '
1 -  2 -  32 -  21 -  25 -
would mean that object 1 had a similarity of at least 85 per cent to at least one of 
the other objects, 2, 32, 21 and 25o
5* SLL method of sorting.
This is similar to the SLG method, except that objects are added to existing groups 
onlu if they are similar, at current scanning level, to one of the terminal members 
of the group. E.g. at 84.2 per cent similarity level, the addition of object 1 to 
an existing group, 2 - 32 - 21 - 25? giving a new group 1 - 2 - 32 - 21 - 25?
implies that the S value of objects 1 and 2 is 84 per cent? object 1 would not
be added to the group on the basis of an 84,2 per cent similarity with/object 32 or 
21.
The user does not specify a scanning interval for SLL? this is always 0,1 per cent.
\\hen SLL is used, the sum of the percentage S values of every adjacent pair of 
objects in their final, re-arranged order can be ejected to be the highest (or 
nearly the highest) attainable by any arrangement of the objects.
Presentation of data . '
The first line of data should considt of 4 numbers?
. 1. The number of objects
2, The number of quantitative tests
3, The number of qualitative tests (two-state reaction or
multistate)
4, The criterion for judging if these are sufficient 
comparisons to mahe an entry in the data matrix.
This should be followed by the results for the first quantitative test, in order of
objects, and this followed by the results for the second quantitative test, in order 
of objects, and so on.
-The. results of the qualitative tests should now follow, reaction rests (-/+) first,
then two-state (O/l), and finally multistate (RED, BLUE, GREY).
(For convenience in any later manipulations of the punched cards, begin a new line 
for each test or, if punching cards, begin a new card. Leave at least 2 spaces 
between items of numeric data).
The data should be followed on a new line, by s
M B  0E DATA . . . : : ■
Then follow the processes required, with a new line for each.
